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Abstract

Background: Most centres use fresh frozen plasma (FFP) based protocols to prevent or treat haemostatic
disturbances during liver transplantation. In the present study, we used a rotational thrombelastometry
(ROTEM™, TEM, Munich, Germany) guided haemostasis management with fibrinogen concentrates, prothrombin
complex concentrates (PCC), platelet concentrates and tranexamic acid without FFP usage and determined the effect
on 30 day mortality.

Methods: Retrospective data analysis with 372 consecutive adult liver transplant patients performed between 2007
and 2011.

Results: Thrombelastometry guided coagulation management resulted in a transfusion rate for fibrinogen
concentrates in 50.2%, PCC in 18.8%, platelet concentrates in 21.2%, tranexamic acid in 4.5%, and red blood
cell concentrates in 59.4%. 30 day mortality for the whole cohort was 14.2%. The univariate analyses indicated
that nonsurvivors received significantly more fibrinogen concentrates, PCC, red blood cell concentrates, platelet
concentrates, and infusion volume, and had a higher MELD score. However, association with mortality was weak as
evidenced by receiver operating characteristic curve analyses. Further univariate analyses demonstrated, that up to 8 g
of fibrinogen did not increase mortality compared to patients not receiving the coagulation factor. Multivariate analysis
demonstrated that platelet concentrates (p = 0.0002, OR 1.87 per unit), infused volume (p = 0.0004, OR = 1.13 per litre),
and MELD score (p = 0.024; OR 1.039) are independent predictors for mortality. Fibrinogen concentrates, PCC, and red
blood cell concentrates were ruled out as independent risk factors.

Conclusions: ROTEM™ guided substitution with fibrinogen concentrates and PCC does not negatively affect mortality
after liver transplantation, while the well-known deleterious effect associated with platelet concentrates was confirmed.
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Background
During liver transplantation, relevant disturbances of
haemostasis are common and its pathophysiology is
complex [1]. Accordingly, precise and timely monitoring
to guide coagulation management is desirable. Both con-
ventional and bedside methods are frequently used [2].
While the usefulness of conventional laboratory methods

is largely hampered by long turnaround times, bedside
monitoring allows for the rapid and comprehensive diag-
nosis of coagulopathies but requires additional technical
skills of the anaesthetist [3, 4]. Viscoelastic methods like
thromboelastography and rotational thromboelastometry
(ROTEM™) are the most commonly used point-of-care
methods during liver transplantation [2]. Rotational
thromboelastometry (ROTEM™) is capable to measure
the clot firmness in whole blood samples in a time
dependent fashion [5, 6]. The use of various assays
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performed in parallel allows to distinguish the under-
lying mechanisms for coagulopathies [7].
As the reason for coagulopathy can be determined

by use of ROTEM™, a targeted therapy with coagula-
tion factor concentrates, platelets, and fibrinolysis in-
hibitors without the use of fresh frozen plasma and
the prophylactic use of antifibrinolytics is increasingly
used. For this purpose, a ROTEM™ based algorithm
has been proposed [8].
The use of fresh frozen plasma is hampered by the

fact, that there are important data on its risks available,
but only sparse evidence for its efficacy [9, 10]. In con-
trast, cautious recommendations have been made re-
garding the use of fibrinogen concentrates in bleeding
patients, and available pharmacovigilance data suggest
the safety of PCC [10–12].
In the present retrospective study, we investigated the

influence of the ROTEM™ guided use of fibrinogen con-
centrates, PCC, platelet concentrates, and tranexamic
acid on 30 day mortality in liver transplant patients.

Methods
Patient data
After approval by the local ethics committee, data from
457 consecutive adult liver transplantation procedures
performed between 2007 and 2011 were retrospectively
analysed. 144 patients with a body weight of less than
30 kg were excluded to avoid heterogeneity due to the
inclusion of pediatric liver transplantations. Moreover,
18 patients getting fresh frozen plasma or incomplete
data were excluded.

Procedure
All liver transplantations were performed with organs
from deceased donors. Surgery was performed through a
star incision in the upper abdomen with a vena cava re-
placement technique. None of the transplanted patients
underwent a venovenous bypass.
For the induction of anaesthesia, thiopental was used.

Isoflurane and fentanyl were used for maintenance of
anaesthesia. Endotracheal intubation and surgery were
facilitated by rocuronium. For the haemodynamic moni-
toring, a radial artery catheter, a central venous catheter,
a pulmonary artery catheter as well as transoesophageal
echocardiography were used. The femoral vein pressure
was monitored for the detection of possible caval vein
stenosis. For the treatment of hypovolemia and anaemia,
a rapid infusion device (FMS-2000, Belmont Instruments
Corporation, Billerica, MA, USA), connected to a large
bore dialysis catheter and filled with normal saline
(0.9%) and red blood cell concentrates were used as re-
quired. Intra-operative cell-salvage was used in all pa-
tients without cancer, retranfusion required the sampling

of at least 300 ml. Patients received 5000 U heparin per
24 hours during their stay on the intensive care ward.

Evaluation of haemostasis
For the bed side evaluation of haemostasis, ROTEM™
devices and a coulter counter were used. Moreover, the
conventional laboratory assays international normalized
ration (INR), activated partial thromboplastin time
(aPTT), fibrinogen concentration, antithrombin, platelet
count, and hemoglobin concentration (Hb) were mea-
sured but not used for therapeutic decisions due to long
turnaround times.
The ROTEM™ device measures the time dependent

development of clot firmness of a whole blood sample.
Thus, both the involvement of coagulation factors and
platelets can be investigated. There are four important
variables obtained from the thromboelastogram [7, 13].
The clotting time defined as the time from recalcifica-
tion and activation of the samples to clot formation is
prolonged in patients with coagulation deficiencies, hep-
arin therapy, or on oral anticoagulation. Clot formation
time and angle alpha describe the kinetics of clot forma-
tion. Maximum clot firmness is affected by fibrinogen
levels and platelet count. Four tests were used in the
present study. EXTEM™ activates coagulation by the
addition of tissue factor and has similarities to the INR.
INTEM™ is activated by elagic acid, which is an activator
of the intrinsic system similar to laboratory aPTT.
FIBTEM™ is an assay activated by tissue factor in the
presence of a platelet inhibitor (cytochalasin D) and
maximum clot firmness is therefore a specific measure
of fibrinogen concentration. APTEM™ is a tissue factor
activated assay combined with a fibrinolysis inhibitor
(aprotinin). Hyperfibrinolysis can be diagnosed by com-
parison of EXTEM™ and APTEM™ curves. Measure-
ments of haemostasis were routinely performed at the
beginning of surgery, during the anhepatic phase, subse-
quent to liver graft reperfusion, and at the end of the
procedure. When haemostatic derangements occurred,
further measurements were performed according to the
discretion of the anaesthetist.
Haemostatic interventions with fibrinogen concentrate

and PCC (CSL-Behring, Marburg, Germany), platelet
concentrates, and tranexamic acid were based on the ob-
servation of diffuse bleeding and the results of ROTEM™
analyses according to a recently published algorithm [8].
Composition of the four factor PCC preparation used
(CSL-Behring, KCentra 500 units) was as follows (see
prescribing information): factor II (380–800 units),
factor VII (200–500 units), factor IX (400–620 units),
factor X (500–1020 units), protein C (420–820 units),
protein S (240–680 units), heparin (8–40 units), anti-
thrombin (4–30 units).
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Data analysis
Data on patients´ age, sex, body mass index, MELD
score, and donor risk index as well as the diseases neces-
sitating liver transplantation were recorded. Besides
mortality, the use of fibrinogen concentrates, PCC,
platelet concentrates, red blood cells, and tranexamic
acid, as well as laboratory haemostasis findings (aPTT,
INR, platelet count) and bed side findings (ROTEM™)
were registered. Moreover, the infusion volume via the
rapid infusion system as well as the autotransfusion vol-
ume obtained from the cell salvage device, when applic-
able, are given. For the evaluation of red blood cell mass
loss a recently validated algorithm was used [13]. In
short, the following equation was used: Lost RCM (mL)
= patient’s estimated blood volume (mL) x (preoperative
hematocrit in % - postoperative haematocrit in %) +
transfused leukocyte-depleted red blood cell in units ×
213 × 70% + transfused cell saver blood in mL × 55%.
Blood volume was calculated from the body weight (75ml/
kg in men, and 65ml/ kg in women) [14].

Statistics
The frequencies and the respective amount of blood
product used were evaluated. For statistical evaluation,
SPSS (version 24, IBM, USA) was used. For the descrip-
tion of results both mean and standard deviation and
median and percentiles are given. For statistical evalu-
ation we used tests which are not dependent on normal
distribution. To determine a potential association of
blood product usage with outcome, both univariate and
multivariate analyses were used. For univariate analyses,
the Wilcoxon test (unpaired or paired) or Chi-square
test as well as receiver operating characteristic curves
and the asymptotic significance were used. Multivariate
analyses were performed using binary logistic regression
using the backward likelihood ratio method. Probability
of score statistic for variable entry was 0.05, probability
of LR statistic to remove a variable was 0.1, the numbers
of iterations was limited to 20, and the cut-off value for
classification was 0.5.

Results
Use of blood products
The Mortality of the 372 transplanted patients (230
male, 142 female) was 14.2 %. Data on age, sex, body
mass index, MELD score, donor risk index as well as the
diseases leading to liver transplantation are given in Ta-
bles 1 and 2, respectively.
In 372 liver transplantation procedures, administration

of blood products was as follows: Fibrinogen concentrate
was administered in 187 patients (range 1–22 g), 70 pa-
tients received four factor PCC (range 1000-7000 U), 79
patients received platelet concentrates (range 1–4 units),
and 221 patients received red blood cell concentrates

(range 1–17 units). The details of blood products admin-
istered are provided in Fig. 1.
Anemia at the begin of surgery was associated with

transfusion of red blood cell concentrates, linear regres-
sion analysis demonstrated that a lowered hemoglobin
concentration by 1 g/dl increased transfusion of red
blood cell concentrates by 0.68 units (r = 0.44). Hypofi-
brinogenemia was associated with increased fibrinogen
concentrate substitution: a decrease of fibrinogen by
100 mg/dl was associated with the substitution of 0.88 g
fibrinogen (r = 0.36).

Association of blood product use and mortality: univariate
analysis
In order to obtain a first insight into the potential asso-
ciation of fibrinogen concentrate, PCC, platelet concen-
trates, and red blood cell concentrates with 30 day
mortality, box plots are shown in Fig. 2. In comparison
to survivors, the amount of blood products was signifi-
cantly higher in nonsurvivors. Mean value and standard
deviation of the respective blood product was 1.8 g ± 2.6
g fibrinogen in survivors versus 4.25 g ± 4.98 g in non-
survivors, 299 units ±761 units versus 896 units ±1603
units PCC, 2.1 units ±2.4 units versus 4.0 units ±3.6 units

Table 1 Patients and donor characteristics given as mean and
standard deviation (SD) as well as median and range

mean ± SD median [range]

age (years) 51 ± 12 53 [10–74]

MELD 20 ± 9.6 18 [6–40]

donor risk index 1.74 ± 0.36 1.76 [1.0–2.26]

body mass index 26.6 ± 4.9 26 [15–48]

Table 2 Diseases finally resulting in liver transplantation. Note,
that hepatocellular carcinoma were associated with hepatitis B
and C in 25 cases

disease number of cases

alcohol 80

hepatocellular carcinoma 77

hepatitis B and C 62

cholestatic liver diseases 40

inherited liver diseases 26

NASH 23

retransplantation 15

acute liver failure 10

autoimmune liver disease 10

hemochromatosis 7

drug toxicity 5

tumor (not HCC) 5

others 12
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red blood cell concentrates, and 0.25 units ±0.599 units
versus 0.91 units ±1.3 units platelet concentrates.
To further characterize the association of blood

products with outcome, receiver operating character-
istic curves and the corresponding areas under the
curves were evaluated. The results, shown in Fig. 3,
demonstrate an only weak association of the respect-
ive blood product use with survival (AUC between
0.603 and 0.659).

Association of red blood cell mass loss and mortality:
univariate analysis
The median and range of red blood cell mass loss was
424 ml [− 479 ml - 2296 ml]. Red blood mass loss was
398ml [− 479ml - 2296ml] in survivors and 801ml [− 26
ml - 2149ml] in nonsurvivors (p < 0.001). Area under
curve of the receiver operating characteristic curve was
0.678 (p = 0.000062). Linear regression demonstrated that

red blood cell mass loss was associated with transfusion of
red blood cell concentrates (r = 0.69), fibrinogen (r =
0.54), and platelet concentrates (r = 0.49).

Mortality and amount of fibrinogen concentrates transfused
The most common blood product used in the present
cohort was fibrinogen, permitting a detailed analysis of
eventual mortality associated with fibrinogen concen-
trate use. Therefore, patients were grouped according to
the amount of fibrinogen concentrate applied during
surgery (0 g, 1–2 g, 3–4 g, 5–6 g, 7–8 g, 9–10 g, 11–12 g,
13–14 g, 15–16 g, 17–18 g, 19–20 g). As shown in Fig. 4,
185 out of 372 patients were not substituted with fi-
brinogen. In 174 out of 372 patients, fibrinogen was ap-
plied in a range from 1 g to 8 g. Comparison of mortality
in the different groups in comparison to patients not
substituted with fibrinogen demonstrated excluded a sig-
nificant increase up to 8 g fibrinogen. In those few

Fig. 1 Frequencies of intraoperative blood product use in 372 patients undergoing liver transplantation. Fibrinogen concentrates, PCC, platelet
concentrates and red blood cell concentrates used were grouped and the number of patients is presented. Notably, blood products were
not transfused in many cases. (PCC: prothrombin complex concentrate)
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fibrinogen substituted patients (13 out of 187 pa-
tients) receiving more than 8 g fibrinogen, 10 pa-
tients died. Review of the patient records, however,
demonstrated that the death of only one patient was
attributable to a thrombotic event (myocardial in-
farction). Further analyses on the potential impact of
fibrinogen concentrates are shown in the multivari-
ate analyses section.

Association of infused volume, cell salvage autotransfusion,
tranexamic acid and MELD score with mortality: univariate
analyses
Blood volume replacement was conducted via a rapid
infusion system: both normal saline (0.9%) as well as
red blood cell concentrates were administered with
this device. Median and range of the total infused
volume was 7.5 l [1 l - 28.6 l]. Autotransfusion in pa-
tients without cancer diagnosis was 379 ml [0 ml -
2967 ml] (median and range). In 62 patients, blood
loss was too low for processing with the cell salvage
device. Tranexamic acid was used in 91 out of 372
patients, when relevant hyperfibrinolysis was diagnosed.

The most common dose was 2 g, followed by 1 g in
11 cases, and 4 g (2 g, once repeated during surgery)
in 1 patient. Median MELD score and range were
18 [6–40].
Infused volume, autotransfusion volume, and MELD

score but not tranexamic acid were associated with
outcome (Fig. 5). Median infused volume was 7.3 l [0
l − 27 l] in survivors, and 9.7 l [3.4 l – 28.6 l] in non-
survivors, respectively (p < 0.001). Similarly, median
autotransfusion volume was 0.33 l [0 l - 2.12 l] in sur-
vivors, and 0.59 l [0 l – 2.96 l] in nonsurvivors, re-
spectively (p = 0.013). The median MELD score was
17 (range 6–40) in survivors, and 22 (7–40) in nonsurvi-
vors (p = 0.017), respectively.
Area under the curve of the receiver operating

characteristic curves were 0.697 for infused volume
(p = 0.00002), 0.643 for autotransfusion (p = 0.002),
0.552 for tranexamic acid (p = 0.261), and 0.609 for
the MELD-score (p = 0.017), thus demonstrating that
the association of the variables with mortality was
fair, at best. It is important to state, that the analysis
of autotransfusion was restricted to those patients
undergoing cell salvage (n = 270).

Fig. 2 Blood product use in survivors and nonsurvivors of orthotopic liver transplantation. Nonsurvivors were more likely to receive fibrinogen
concentrates, PCC, platelet concentrates, and red blood cell concentrates. Differences between groups were evaluated using the unpaired Wilcoxon
test. (PCC: prothrombin complex concentrate; RBC: red blood cell concentrate)
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Multivariate analysis of the association of coagulation
factors and blood products transfused, blood loss,
tranexamic acid usage, and MELD-score
To further investigate the association of blood products
use with mortality, binary logistic regression analysis was
used. Fibrinogen concentrate, PCC, red blood cell con-
centrates, platelet concentrates, infused and transfused
volume as a surrogate parameter of blood loss, tranex-
amic acid use, and MELD score were included in the
analysis. Platelet transfusion rate was the strongest inde-
pendent predictor for mortality with an odds ratio of
1.87 per unit (p = 0.0002). Further variables associated
with mortality were blood loss as estimated by the in-
fused volume (OR 1.13 per l; p = 0.0004) and the MELD
score (OR 1.039; p = 0.024). In contrast, fibrinogen con-
centrates (p = 0.90), PCC (p = 0.26), red blood cell con-
centrates (p = 0.71), and tranexamic acid (p = 0.71) were
not associated with mortality in the multivariate analysis.
In order to exclude a collinearity between red blood cell
concentrates and transfused volume, the multivariate
analysis was also performed with an exclusion of red

blood cell concentrates with identical findings (data not
shown).

Initial and final ROTEM findings and conventional
laboratory findings
Substitution of RBCs, coagulation factors, and platelet
concentrates was guided by ROTEM analysis, and the
findings at the beginning and end of the transplantation
procedure is shown in Table 3. Initial INR was signifi-
cantly different in survivors and non survivors (1.63 ±
0.62 vs. 1.83 ± 0.68 (p = 0.049), while all other ROTEM
findings at the begin of the procedure and conventional
laboratory findings were not different in survivors and
nonsurvivors (data not shown). Median fibrinogen levels
moderately decreased during the transplantation as evi-
denced by both fibrinogen concentration and FIBTEM
clot firmness. Similarly, INR increased, which is mirrored
by a corresponding increase in EXTEM clotting time.
Platelet count slightly increased during the transplantation
procedure, even in those patients without platelet concen-
trate transfusion. Maximum clot firmness, a resultant of

Fig. 3 Receiver operating characteristic curves demonstrating the association between the blood products and 30 day mortality. Fibrinogen, PCC,
platelet concentrates, and red blood cell concentrates were associated with mortality as evidenced by asymptotic significance. Areas under
curves (AUC), however, demonstrated that the association was low

Hartmann et al. BMC Anesthesiology           (2019) 19:97 Page 6 of 11



fibrinogen concentration and platelet count and thus serv-
ing as an integral variable, remained almost constant. No
patient left the operation theatre with clinically evident
diffuse bleeding, no rescue medication (e.g. recombinant
activated factor VIIa) was used.

Discussion
Traditionally, fresh frozen plasma is used for correction
of coagulopathy in liver transplantation procedures.
However, increasing evidence questions the efficacy and
suggests important risks of fresh frozen plasma. In view
of these findings, the present study is the first to demon-
strate that liver transplantations can be safely performed
without fresh frozen plasma using a ROTEM™-guided
substitution of coagulation factor concentrates.

Haemostasis in patients presenting for liver transplantation
Haemostasis in patients presenting for liver transplant-
ation varies with the underlying disease. In many pa-
tients, haemostasis is characterized by end stage liver
failure with reduced synthesis capacity of coagulation
factors as well as anticoagulant and fibrinolysis pathway
proteins. The result is a rebalanced status prone to both
bleeding and thrombosis [1, 15]. Thus, interventions in
haemostasis in this very special surgical setting may po-
tentially increase mortality by either insufficient treat-
ment of diffuse bleeding or overtreatment. Indeed, there
are many haemostatic derangements, which can occur
during liver transplantation. Besides dilutional coagu-
lopathy, trauma induced coagulopathy, aggravation of
preexisting hypofibrinogenemia and a decrease of other
coagulation factors due to consumption, thrombocytopenia
as well hyperfibrinolysis and endogenous heparin-effects
can result in diffuse bleeding [1]. Moreover, pulmonary em-
bolism is, though rare, but a typical complication during
the liver transplantation procedure [16].
It is important to note, that the decrease of coagula-

tion factors is paralleled by the decrease of both anti-
coagulant and fibrinolytic proteins [17]. Therefore, a
cautious substitution of coagulation factors avoiding
overcorrection is highly recommended, and to achieve
this goal, monitoring of haemostasis is mandatory.

Monitoring of haemostasis during liver transplantation
Conventional laboratory tests are capable to diagnose a
wide spectrum of haemostatic diseases. However, con-
cerns arise from their long turnaround times [3]. Despite
all efforts, turnaround times of laboratory assays often
exceed 1 h due to transportation, centrifugation of sam-
ples, and the setup of the assay, and thus the delay for
the initiation of the appropriate therapy is most often
too long. Diffuse bleeding of any reason, which is not
rapidly treated, can lead to dilutional coagulopathy and
further worsening of blood loss.
Viscoelastic point-of-care coagulation assays like

ROTEM™ can overcome several limitations of standard
laboratory methods. The turnaround time of ROTEM™
analyses is considerably shorter and the combination of
up to four parallel assays allows for a comprehensive
characterization of the coagulation status [13]. The clot-
ting time (CT) in tissue factor (EXTEM™) and elagic acid
(INTEM™) activated ROTEM™ assays may serve as a
measure for INR and aPTT, respectively (16). Thus,
ROTEM™ enables the fast detection of deficiencies in co-
agulation factors from the extrinsic and intrinsic path-
way, respectively, within approximately 5 min from
blood sampling. Furthermore, clot firmness values ob-
tained at 5 min after initial clotting are highly correlated
with the maximum clot firmness eventually achieved
during measurements [18]. Using clot firmness values of

Fig. 4 Effect of the fibrinogen dosage on nonsurvival. Fibrinogen
doses were grouped and eventual differences in nonsurvival were
evaluated. No increase in 30 day mortality was seen in when 1 to 8
g of fibrinogen concentrate was given. For statistical evaluation the
Chi square test was used. n.s.: non significant difference between 0 g
fibrinogen and the respective group; *: significance p < 0.05
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parallel tissue factor activated assays with (FIBTEM™)
and without (EXTEM™) inhibition of platelet function with
cytochalasin D allow for detection of thrombocytopenia
and hypofibrinogenaemia [19]. Furthermore, heparin-
effects (endogenous and exogenous) can be estimated by
comparing the clotting times in the absence and presence
of heparinase (INTEM™, HEPTEM™). Moreover, hyperfibri-
nolysis can be detected by the time course of clot firmness
and low clot firmness values are associated with hyperfibri-
nolysis [20]. In this regard, it is important to state, that the
diagnosis of minor to moderate hyperfibrinolysis can be
made only after 30 to 60min [21]. However, there is no
standard laboratory assay available, which is capable of de-
tecting hyperfibrinolysis at all, and minor or moderate
hyperfibrinolysis often occurring after reperfusion is often
self-limiting and not treated [8].

Comparison of fresh frozen plasma based and coagulation
factor based regimens
Fresh frozen plasma contains both pro- and anticoagu-
lant factors as well as pro- and antifibrinolytic proteins.
Many liver transplantation centres use a fresh frozen
plasma based regimen, but the evidence for its prophylactic

or therapeutic value is low [10]. In contrast, many issues re-
garding the safety and efficacy of fresh frozen plasma have
been reported [9]. Risks associated with fresh frozen plasma
transfusion are transmissions of infectious diseases, transfu-
sion associated lung injury, and transfusion associated car-
diocirculatory overload. Furthermore, large volumes of
fresh frozen plasma transfused in the intention to improve
haemostasis are likely to trigger additional RBC transfu-
sions, as demonstrated in cardiac surgery [21].
Treatment of haemostatic disturbances with coagula-

tion factors has, in theory, some advantages in compari-
son to fresh frozen plasma. Coagulation factors can be
given according to a specific demand. They can be virus
inactivated and are readily available as they are dissolved
within a minute. Even huge amounts can be adminis-
tered without the risk of volume overload. In general,
fibrinogen, the most used coagulation factor in our
setting, was judged to have a favourite safety profile
in a recent meta-analysis [22]. Moreover, a weak rec-
ommendation for the use of fibrinogen in bleeding
patients was given [11].
Prospective, randomized data comparing the adminis-

tration of fresh frozen plasma and coagulation factor

Fig. 5 Blood loss (as estimated by volume infused via the rapid infusion system and cell salvage autotransfusion volume, respectively), tranexamic
acid usage, and MELD score in survivors and nonsurvivors of liver transplantation. For statistical evaluation, the unpaired Wilcoxon test was used
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concentrates guided by point-of-care analyses for the
treatment of bleeding are rare. However, as demon-
strated in a sub-analysis of severely injured patients with
blunt trauma, ROTEM™-guided coagulation manage-
ment, exclusively using coagulation factor concentrates,
corrected coagulopathy and was associated with less
allogeneic transfusions, less multi organ failure and sep-
sis when compared to another cohort receiving add-
itional fresh frozen plasma [23]. A first prospective,
randomized trial comparing fresh frozen plasma to co-
agulation factor concentrates for the reversal of trauma
induced coagulopathy has recently been terminated

following an interim analysis indicating a possible harm
for the patients randomized to the fresh frozen plasma
treatment arm [24]. The authors concluded that treat-
ment with coagulation factor concentrates is superior to
the treatment with fresh frozen plasma.

Bed side monitoring for the substitution of coagulation
factors
Concerning the substitution of coagulation factors in
liver transplantation, an adequate dosing can be assumed
to be of outstanding importance to avoid overtreatment
and thrombotic complication. For this purpose, a

Table 3 Haemostasis at the beginning and the end of liver transplantation as judged by conventional laboratory examinations and
ROTEM™

Initial values Final values

Median Percentiles Median Percentiles Significance
niveau25% 75% 25% 75%

EXTEM

CT (s) 55 46 78 62 51 83 p < 0.001

CFT (s) 119 82 177.5 163 117.5 251 p < 0.001

MCF (mm) 53 45 62 49 43 57 p < 0.001

Alpha (°) 68 59 75 64 54 72 p < 0.001

INTEM

CT (s) 188.5 162 217.8 254.5 205 326.8 p < 0.001

CFT (s) 104 67 156 153.5 100 240.3 p < 0.001

MCF (mm) 52 45 61 49 42 56 p < 0.001

Alpha (°) 70 61 77 65 55 72 p < 0.001

FIBTEM

CT (s) 54 45 75.5 61.5 50 83 p = 0.02

CFT (s) * * * * * *

MCF (mm) 15 11 23 11 8 15 p < 0.001

alpha (°) 67 54.5 74 63 51 73 p < 0.001

APTEM

CT (s) 64 51 88.5 71 55 93 p < 0.001

CFT (s) 128 92 182 167 119.5 247.5 p < 0.001

MCF (mm) 52 45.8 61 49 43 55 p < 0.001

alpha (°) 67 59 73 63 54 71 p < 0.001

INR 1.48 1.26 1.81 2.47 1.85 3.26 p < 0.001

aPTT (s) 45 36.9 56 81 58.1 108.9 p < 0.001

fibrinogen (mg/dl) 175.3 114.8 257 118 91 162 p < 0.001

antithrombin (%) 45.6 32 68.4 24.5 12.5 37.9 p < 0.001

platelets (1/103 μl) 92 62 148.5 98 71 139 n.s.

Hb (g/dl) 10.1 8.9 11.5 9.9 9 11.1 p < 0.001

ROTEM™ values shown are clotting time (CT), clot formation time (CFT), maximum clot firmness (MCF), and angle alpha (alpha). Whole blood samples were
activated with tissue factor (EXTEM™), elagic acid (INTEM™), tissue factor and platelet inhibition (FIBTEM™), and tissue factor and fibrinolysis inhibition (APTEM™).
Conventional laboratory variables are international normalized ratio (INR), activated partial thromboplastin time (aPTT), fibrinogen concentration, antithrombin
activity, platelet count, and hemoglobin concentration (Hb). ROTEM™ guided haemostasis management resulted in a slight decrease in most haemostatic variables
during the transplantation procedure. Note, that CFT values are not generated in the FIBTEM assay. Differences between initial and final values were determined
using the paired Wilcoxon test.
*: no clot formation detectable
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ROTEM™ based algorithm was used in the present
study. It is an interesting finding, that many patients
were not substituted with fibrinogen, PCC, platelet con-
centrates, and tranexamic acid at all. Most common was
the substitution with fibrinogen concentrates (50.2% of
cases), followed by tranexamic acid (24.5%), platelet con-
centrates (21.2%), and PCC (18.8%). This finding is in
accordance with the fact, that fibrinogen is the coagula-
tion factor to decrease first in bleeding patients [25]. In
univariate analyses, all blood products as well as blood
loss were associated with mortality, but the association
was weak. Tranexamic acid was not associated with
mortality in univariate analyses, which is in accordance
to a recent meta-analysis in a recent retrospective ana-
lysis [26]. The examination of mortality in relation to
the fibrinogen dose revealed, that fibrinogen concentrate
did not increase mortality up to 8 g. Higher doses were
rarely applied and the increased mortality in these pa-
tients was not related to haemostasis (with the possible
exception of one patient with myocardial infarction).
The safety of coagulation factor concentrates in the
present study is further supported by multivariate ana-
lyses demonstrating that platelet concentrates, blood
loss, and MELD score but not fibrinogen and PCC are
independent predictors of mortality.
Keeping in mind, that substitution of coagulation fac-

tors was guided by ROTEM™, it becomes plausible, that
the mortality is not related to fibrinogen concentrates
and PCC. Accordingly, all bed side and laboratory co-
agulation values either slightly decreased or remained
constant, demonstrating that a targeted correction of
haemostasis can be achieved by repeated ROTEM™ ana-
lyses. Efficacy of the targeted treatment of haemostatic
disturbances with coagulation factors without plasma
transfusion is confirmed by the facts, that no patient left
the operation theatre with clinically evident diffuse
bleeding and that no rescue medication (e.g. recombin-
ant activated factor seven) had to be applied.

Limitations of the study
Of course, mortality in liver transplantation is dependent
on numerous factors, namely the underlying liver disease
and its severity, other diseases of the patients, quality of
the graft as as well as surgical, anesthesiological and in-
tensive care management. It is therefore obvious, that
haemostasis management is only one out of several vari-
ables, which might affect outcome. In view of these
uncertainties it is an important finding, that platelet
transfusion is an important predictor of nonsurvival
in our study as well as other studies while fibrinogen
and PPSB had no effect on the outcome in multivari-
ate analysis. The present study is the first to report
retrospective mortality data using a ROTEM

algorithm guided substitution of fibrinogen and PPSB
for liver transplantations.

Conclusions
The present study describes the ROTEM™ guided use of
coagulation factor concentrates, platelet concentrates,
and tranexamic acid for the management of haemostasis
during liver transplantation without any use of fresh fro-
zen plasma. The restrictive use of coagulation factor
concentrates and tranexamic acid did not affect out-
come, while platelet transfusion was associated with
nonsurvival.

Abbreviations
FFP: Fresh frozen plasma; OR: Odds ratio; PCC: Prothrombin complex
concentrate

Acknowledgements
We would like Mrs. B. Hermann for the acquisition of data.

Authors’ contributions
MH: participated in data acquisition and analysis, wrote the manuscript. CW:
participated in data acquisition and analysis. DD: participated in data
acquisition and analysis. FHS: participated in data acquisition and analysis; All
authors read, corrected and approved the manuscript.

Funding
Funding from CSL Behring was used for the employment of a study nurse
for retrospective data collection. The sponsor was neither involved in data
collection, analysis or interpretation, nor in writing of the manuscript and
decision to submit the manuscript. We acknowledge support by the Open
Access Publication Fund of the University of Duisburg-Essen.

Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.

Ethics approval and consent to participate
After approval by the local ethics committee (Ethikkommission der medizinischen
Fakultät, Universitätsklinikum Essen, 09–4091), data from 372 consecutive adult
liver transplantation procedures were retrospectively analysed. Due to the
retrospective data analysis, consent to participate was waived by the
ethics committee.

Consent for publication
Not applicable

Competing interests
For the present non-commercial, investigator-initiated, retrospective study
MH and FHS received an unrestricted grant for data analyses by a study
nurse from CSL Behring GmbH, Marburg, Germany. The sponsor was neither
involved in data collection, analysis or interpretation, nor in writing of the
manuscript and decision to submit the manuscript. FHS and DD have re-
ceived honoraria and/or traveling support from CSL Behring GmbH, Marburg,
Germany, and TEM international GmbH, Munich Germany. DD has served as
an advisory board member for Instrumentation Laboratory, Bedford, MA,
USA. CW declares no conflict of interests.

Author details
1Klinik für Anästhesiologie und Intensivmedizin, Universitätsklinikum Essen,
Universität Duisburg-Essen, Hufelandstr. 55, 45122 Essen, Germany. 2Klinik für
Allgemein-, Viszeral- und Transplantationschirurgie, Universitätsklinikum
Essen, Universität Duisburg-Essen, 45122 Essen, Germany.

Hartmann et al. BMC Anesthesiology           (2019) 19:97 Page 10 of 11



Received: 7 January 2019 Accepted: 23 May 2019

References
1. Hartmann M, Szalai C, Saner FH. Hemostasis in liver transplantation:

pathophysiology, monitoring, and treatment. World J Gastroenterol.
2016;22:1541–50.

2. Schumann R, Mandell MS, Mercaldo N, Michaels D, Robertson A, Banerjee A,
et al. Anesthesia for liver transplantation in United States academic centers:
intraoperative practice. J Clin Anesth. 2013;25:542–50.

3. Haas T, Spielmann N, Mauch J, Madjdpour C, Speer O, Schmugge M, et al.
Comparison of thromboelastometry (ROTEM®) with standard plasmatic
coagulation testing in paediatric surgery. Br J Anaesth. 2012;108:36–41.

4. Toulon P, Ozier Y, Ankri A, Fléron MH, Leroux G, Samama CM. Point-of-care
versus central laboratory coagulation testing during haemorrhagic surgery.
A multicenter study. Thromb Haemost. 2009;101:394–401.

5. Wikkelsoe AJ, Afshari A, Wetterslev J, Brok J, Moeller AM. Monitoring
patients at risk of massive transfusion with Thrombelastography or
Thromboelastometry: a systematic review. Acta Anaesthesiol Scand.
2011;55:1174–89.

6. Tanaka KA, Bader SO, Görlinger K. Novel approaches in management of
perioperative coagulopathy. Curr Opin Anaesthesiol. 2014;27:72–80.

7. Larsen OH, Fenger-Eriksen C, Christiansen K, Ingerslev J, Sørensen B. Diagnostic
performance and therapeutic consequence of thromboelastometry activated
by kaolin versus a panel of specific reagents. Anesthesiology. 2011;115:294–302.

8. Görlinger K. Coagulation management during liver transplantation.
Hamostaseologie. 2006;26(3 Suppl 1):S64–76.

9. Pandey S, Vyas GN. Adverse effects of plasma transfusion. Transfusion. 2012;
52(Suppl 1):65S–79S.

10. Levy JH, Grottke O, Fries D, Kozek-Langenecker S. Therapeutic plasma
transfusion in bleeding patients: a systematic review. Anesth Analg.
2017;124:1268–76.

11. Wikkelsø A, Lunde J, Johansen M, Stensballe J, Wetterslev J, et al. Fibrinogen
concentrate in bleeding patients. Cochrane Database Syst Rev. 2013;8:
CD008864.

12. Hanke AA, Joch C, Görlinger K. Long-term safety and efficacy of a pasteurized
nanofiltrated prothrombin complex concentrate (Beriplex P/N): a
pharmacovigilance study. Br J Anaesth. 2013;110:762–72.

13. Herbstreit F, Winter EM, Peters J, Hartmann M. Monitoring of haemostasis in
liver transplantation: comparison of laboratory based and point of care
tests. Anaesthesia. 2010;65:44–9.

14. Bang SR, Ahn HJ, Kim GS, Yang M, Gwak MS, et al. Predictors of high
intraoperative blood loss derived by simple and objective method in
adult living donor liver transplantation. Transplant Proc. 2010;42:4148–50.

15. Lisman T, Porte RJ. Rebalanced hemostasis in patients with liver disease:
evidence and clinical consequences. Blood. 2010;116:878–85.

16. Warnaar N, Molenaar IQ, Colquhoun SD, Slooff MJ, Sherwani S, de Wolf AM,
et al. Intraoperative pulmonary embolism and intracardiac thrombosis
complicating liver transplantation: a systematic review. J Thromb Haemost.
2008;6:297–302.

17. Wada H, Usui M, Sakuragawa N. Hemostatic abnormalities and liver diseases.
Semin Thromb Hemost. 2008;34:772–8.

18. Görlinger K, Dirkmann D, Solomon C, Hanke AA. Fast interpretation of
thromboelastometry in non-cardiac surgery: reliability in patients with
hypo-, normo-, and hypercoagulability. Br J Anaesth. 2013;110:222–30.

19. Roullet S, Pillot J, Freyburger G, Biais M, Quinart A, et al. Rotation
thromboelastometry detects thrombocytopenia and hypofibrinogenaemia
during orthotopic liver transplantation. Br J Anaesth. 2010;104:422–8.

20. Dirkmann D, Görlinger K, Peters J. Assessment of early thromboelastometric
variables from extrinsically activated assays with and without aprotinin for
rapid detection of fibrinolysis. Anesth Analg. 2014;119:533–42.

21. Desborough M, Sandu R, Brunskill SJ, Doree C, Trivella M, et al. Fresh frozen
plasma for cardiovascular surgery. Cochrane Database Syst Rev. 2015;7:
CD007614.

22. Fominskiy E, Nepomniashchikh VA, Lomivorotov VV, Monaco F, Vitiello C, et
al. Efficacy and safety of fibrinogen concentrate in surgical patients: a meta-
analysis of randomized controlled trials. J Cardiothorac Vasc Anesth. 2016;30:
1196–204.

23. Innerhofer P, Westermann I, Tauber H, Breitkopf R, Fries D, et al. The
exclusive use of coagulation factor concentrates enables reversal of

coagulopathy and decreases transfusion rates in patients with major
blunt trauma. Injury. 2013;44:209–16.

24. Innerhofer P, Westermann I, Tauber H, Breitkopf R, Fries D, et al. Reversal of
trauma-induced coagulopathy using first-line coagulation factor concentrates
or fresh frozen plasma (RETIC): single-Centre, parallel-group, open-label,
randomised trial. Lancet Haematol. 2017;4:e258–71.

25. 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.

26. Warnaar N, Mallett SV, Klinck JR, de Boer MT, Rolando N, et al. Aprotinin and
the risk of thrombotic complications after liver transplantation: a retrospective
analysis of 1492 patients. Liver Transpl. 2009;15:747–53.

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

Hartmann et al. BMC Anesthesiology           (2019) 19:97 Page 11 of 11



Safety of coagulation factor concentrates guided by ROTEM™-analyses in liver
transplantation

Hartmann, Matthias; Walde, Caroline; Dirkmann, Daniel; Saner, Fuat Hakan

This text is provided by DuEPublico, the central repository of the University Duisburg-Essen.

This version of the e-publication may differ from a potential published print or online version.

DOI: https://doi.org/10.1186/s12871-019-0767-x

URN: urn:nbn:de:hbz:464-20190718-101554-1

Link: https://duepublico.uni-duisburg-essen.de:443/servlets/DocumentServlet?id=49044

License:

 This work may be used under a Creative Commons Attribution 4.0 International license.

Source: BMC Anesthesiology (2019) 19:97; Published: 11 June 2019

https://doi.org/10.1186/s12871-019-0767-x
http://nbn-resolving.org/urn:nbn:de:hbz:464-20190718-101554-1
https://duepublico.uni-duisburg-essen.de:443/servlets/DocumentServlet?id=49044
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	hartmannPrepage

