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Abstract
AIM
To describe the thromboelastography (TEG) “reference” 
values within a population of liver transplant (LT) 
candidates that underline the differences from healthy 
patients.

METHODS
Between 2000 and 2013, 261 liver transplant patients 
with a model for end-stage liver disease (MELD) score 
between 15 and 40 were studied. In particular the adult 
patients (aged 18-70 years) underwent to a first LT with 
a MELD score between 15 and 40 were included, while 
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all patients with acute liver failure, congenital bleeding 
disorders, and anticoagulant and/or antiplatelet drug 
use were excluded. In this population of cirrhotic pati-
ents, preoperative haematological and coagulation 
laboratory tests were collected, and the pretransplant 
thromboelastographic parameters were studied and 
compared with the parameters measured in a previously 
studied population of 40 healthy subjects. The basal 
TEG parameters analysed in the cirrhotic population 
of liver candidates were as follows: Reaction time (r ), 
coagulation time (k ), Angle-Rate of polymerization 
of clot (α  Angle), Maximum strenght of clot (MA ), 
Amplitudes of the TEG tracing at 30 min and 60 min 
after MA is measured (A30 and A60), and Fibrinolysis at 
30 and 60 min after MA (Ly30 and Ly60). The possible 
correlation between the distribution of the reference 
range and the gender, age, MELD score (higher or 
lower than 20) and indications for transplantation (liver 
pathology) were also investigated. In particular, a MELD 
cut-off value of 20 was chosen to verify the possible 
correlation between the thromboelastographic reference 
range and MELD score. 

RESULTS
Most of the TEG reference values from patients with 
end-stage liver disease were significantly different from 
those measured in the healthy population and were 
outside the suggested normal ranges in up to 79.3% of 
subjects. Wide differences were found among all TEG 
variables, including r  (41.5% of the values), k  (48.6%), 
α  (43.7%), MA  (79.3%), A30  (74.4%) and A60  (80.9%), 
indicating a prevailing trend to hypocoagulability. The 
differences between the mean TEG values obtained 
from healthy subjects and the cirrhotic population were 
statistically significant for r  (P  = 0.039), k  (P  < 0.001), 
MA  (P  < 0.001), A30  (P  < 0.001), A60  (P  < 0.001) 
and Ly60 (P  = 0.038), indicating slower and less stable 
clot formation in the cirrhotic patients. In the cirrhotic 
population, 9.5% of patients had an r  value shorter than 
normal, indicating a tendency for faster clot formation. 
Within the cirrhotic patient population, gender, age and 
the presence of hepatocellular carcinoma or alcoholic 
cirrhosis were not significantly associated with greater 
clot firmness or enhanced whole blood clot formation, 
whereas greater clot strength was associated with a 
MELD score < 20, hepatitis C virus and cholestatic-
related cirrhosis (P  < 0.001; P  = 0.013; P  < 0.001).

CONCLUSION
The range and distribution of TEG values in cirrhotic 
patients differ from those of healthy subjects, suggesting 
that a specific thromboelastographic reference range is 
required for liver transplant candidates. 

Key words: Thromboelastography; Liver cirrhosis; Blood 
coagulation disorder; Liver transplantation; Reference 
values
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Core tip: Thromboelastography provides a more com-
prehensive coagulation assessment than routine tests 
in cirrhotic patients. We evaluated the baseline throm-
boelastography (TEG) tracing and preoperative 
laboratory tests of cirrhotic patients undergoing liver 
transplant (LT) to generate a reliable picture of their 
coagulation profile. We also studied how TEG value 
distribution in cirrhotic patients could be modified by 
gender, age, model for end-stage liver disease score and 
liver disease characteristics. End-stage liver disease is 
associated with considerable changes in TEG variables, 
which should be allowed for when interpreting TEG 
traces in cirrhotic patients. TEG reference values derived 
from a healthy population could be misleading in the 
management of cirrhotic patients during LT.

De Pietri L, Bianchini M, Rompianesi G, Bertellini E, Begliomini 
B. Thromboelastographic reference ranges for a cirrhotic patient 
population undergoing liver transplantation. World J Transplant 
2016; 6(3): 583-593  Available from: URL: http://www.
wjgnet.com/2220-3230/full/v6/i3/583.htm  DOI: http://dx.doi.
org/10.5500/wjt.v6.i3.583

INTRODUCTION
Laboratory evaluations of bleeding disorders have 
been conducted with standard clotting assays such 
as prothrombin time (PT) and activated partial 
thromboplastin time (PTT) for a long time. However, 
standard laboratory tests fail to give comprehensive 
information about the bleeding tendency of cirrhotic 
patients. Tripodi et al[1] showed that patients suffering 
from chronic liver disease as well as healthy subjects 
have the ability to generate the same amount of 
thrombin in stable liver disease conditions.

PT International Normalized Ratio (INR) tests per
formed in the absence of thrombomodulin are of little 
use in representing the real state of coagulation in 
cirrhotic patients. Furthermore, such tests are not stand
ardized across centres when they are used for patients 
with liver disease[2,3]. 

Because of these limits, the interest in assays per
formed with thromboelastography (TEG), which offers a 
more targeted approach to assess the overall outcome 
of the interactions of clotting factors beyond the initia
tion of clot formation, has progressively increased. 
However, even though thromboelastography is a useful 
tool for measuring global haemostasis during hepatic 
surgery and liver transplant, allowing the optimization 
of blood product selection and usage, its methodology 
is not standardized. Normal TEG values, as reported 
by manufacturers and in the literature, are determined 
from the average clotting time of healthy volunteers[4]. 
Although investigators have tested the correlation 
between TEG values and the risk of bleeding in various 
surgical populations[5,6], it is possible that standard TEG 
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cutoff values derived from a healthy population have a 
different and misleading meaning in the management 
of cirrhotic patients during liver transplantation (LT). 
Addressing the issue of the reference values, the TEG 
analyzer manufacturer suggests that each new user 
should tests 20 healthy volunteers to generate normal 
values to be used locally as reference values at each 
institution, prior to clinical use[7]. The consequence is 
that TEG suffers from a lack of proven reliability[8,9], also 
motivated by the large range of normal values. However, 
this wide normal range defined for healthy people, is 
unreliable when applied to patients with liver disease, 
making it necessary to define thromboelastographic 
“reference ranges” for cirrhotic patients. 

Under physiological conditions, the haemostatic 
system of these patients reaches a new equilibrium 
determined by a parallel decline of the pro and antico
agulant drivers, which is represented by specific throm
boelastographic values[10]. The main aim of the present 
study was to describe the thromboelastographic 
preoperative coagulation condition of cirrhotic patients 
undergoing liver transplant to generate a more reliable 
picture of their common coagulation profile. A further 
aim of the study was to compare the TEG range distri
bution of cirrhotic patients with a population of healthy 
subjects, verifying that the range corrected for cirrhotic 
patients could be modified by gender, age and model 
for endstage liver disease (MELD) score as well as liver 
disease characteristics.

MATERIALS AND METHODS
Between 2000 and 2013, 473 patients underwent 
LT in Liver Transplant Center of Policlinico di Modena 
(Italy). After the approval of the local Ethical Authority 
and the receipt of written informed consent, the 
thromboelastographic parameter distribution of a 
selected population of cirrhotic patients was studied 
according to the following inclusion and exclusion 
criteria: adult patients (aged 1870 years), first LT, 
and MELD score between 15 and 40. The exclusion 
criteria were as follows: acute liver failure, congenital 
bleeding disorders (i.e., haemophilia A and B), and 
anticoagulant and/or antiplatelet drug use. Therefore, 
the analysis was performed in 261 (55%) patients who 
underwent LT. A MELD score between 15 and 40 was 
chosen because it is the most frequently used in the 
literature, and the AISF (Italian Association for Liver 
Study) also recommends it for listing a patient for LT[11]. 
In this population of cirrhotic patients, preoperative 
haematological and coagulation laboratory tests were 
collected, and thromboelastographic traces were studied 
and compared with those obtained from a previously 
studied population of 40 healthy subjects. The study 
protocol approved by the Institutional Review Board of 
Azienda OspedalieraUniversitaria, Modena (N°:139/14 
TRIGGER) was conducted in accordance with the 
provisions of the Declaration of Helsinki and Good 
Clinical Practice guidelines.

Blood samples were collected with the double
syringe technique from a clean venipuncture. The 
first 6 mL of each sample was discarded. All the heal
thy subjects (20 males and 20 females), selected 
from among residents, students and nurses, had not 
taken drugs known to affect coagulation parameters 
or platelet aggregation for at least 1 wk before the 
collection of blood samples. 

Distribution ranges of the basal TEG parameters 
(r, k, α, MA, A30, A60, Ly30 and Ly60) in the cirrhotic 
population of patients were analysed. The possible 
correlation of the distribution of reference ranges with 
gender, age, MELD score (higher and lower than 20) 
and indications for transplantation (liver pathology) 
were also investigated. In particular, a MELD cutoff 
value of 20 was chosen to verify the possible correlation 
between thromboelastographic reference range and 
MELD score. This cutoff is the most frequently used 
parameter in the literature for predicting mortality risk 
after LT[12,13]. Two TEG® 5000 Hemostasis Analyzers 
(Haemoscope Inc., Skokie, Illinois, United States) 
were used. The strength of clot formation is graphically 
represented over time as the tracing shown in Figure 1.

Maintenance and quality controls were performed 
daily in accordance with manufacturer recommen
dations. Native arterial blood samples were collected 
from a radial artery cannulated before induction 
of anaesthesia and were analysed without adding 
anticoagulant or activator. We routinely use heparinase 
TEG, only after reperfusion in all cases and from the 
baseline only in patients with fulminant liver failure.

Blood samples were always handled by the same 
three anaesthesiologists. TEG tracings were started 
within 4 min after sampling. Clot formation was triggered 
by contact activation. TEG tracings were displayed 
before the surgical procedure in the operating room. 
Parameters normally used to assess the process of 
coagulation are as follows[8,14]: r (coagulation time) is 
the time from the start of the TEG tracing until the TEG 
trace amplitude reaches 2 mm. This represents the rate 
of initial fibrin formation and is functionally related to 
plasma clotting factors and circulating inhibitor activity. 
Prolongation of the r time may be a result of coagulation 
factor deficiencies or severe hypofibrinogenemia; k 
(Clot Formation time) is measured from r to the point 
where the amplitude of the tracing reaches 20 mm. 
This is the time taken to reach a standard clot firmness 
and is affected by the activity of the intrinsic clotting 
factors, fibrinogen and platelet; α  Angle (AngleRate 
of polymerization of clot) is the angle formed by the 
slope of the TEG tracing from the r to the k value. 
This represents the rate of clot growth and describes 
the polymerization of the structural elements involved 
in clotting[15]; MA (Maximum Clot Firmness) is the 
maximum amplitude of the TEG tracing. This reflects the 
strength of the clot and is a direct result of the function 
of platelets and plasma factors and their interaction; the 
A30 and A60 parameters are the amplitudes of the TEG 
tracing at 30 min and 60 min after MA is measured; the 

585 September 24, 2016|Volume 6|Issue 3|WJT|www.wjgnet.com

De Pietri L et al . TEG reference ranges in liver transplant candidates



586 September 24, 2016|Volume 6|Issue 3|WJT|www.wjgnet.com

normally distributed data were compared using the 
WilcoxonMannWhitney test. Comparisons between 
groups for categorical variables were performed using 
the χ2 test with Yates’ correction or Fisher’s exact test 
when appropriate. Descriptive methods were used to 
calculate the 2.5% and 97.5% percentiles according to 
the NCCLS guidelines to establish reference ranges[16]. 
Reference ranges were not calculable for groups of less 
than 40 cases. Statistical significance was set at P < 
0.05. Statistical analyses were performed using IBM 
SPSS Statistics for Windows, Version 19.0., IBM Corp., 
Armonk, NY. The statistical review of the study was 
performed by a biomedical statistician.

RESULTS 
The demographic profiles and laboratory data of the 
patient population and their indication for LT are shown 
in Table 1. 

Reference value distribution in the whole population
Median, minimum and maximum value and reference 
ranges, for the whole population of cirrhotic patients 
undergoing LT and comparison with healthy subjects, 
are presented for r, k, α, MA, A30, A60, Ly30 and Ly60 
in Table 2. 

Most TEG reference values from patients with end
stage liver disease (ESLD) were found to be outside 
the suggested normal ranges and were abnormal in 
up to 79.3% of subjects. Wide differences were found 
for all TEG variables, including r (41.5% of the values), 
k (48.6%), α  (43.7%), MA (79.3%), A30 (74.4%) 
and A60 (80.9%), indicating a prevailing trend to 
hypocoagulability. The differences between mean TEG 
values obtained from healthy subjects and the cirrhotic 
population were statistically significant for r (P = 0.039), 
k (P < 0.001), MA (P < 0.001), A30 (P < 0.001), A60 

Ly30 and Ly60 (Fibrinolysis at 30 and 60 min after MA) 
parameters measure percent lysis at 30 and 60 min 
after MA is reached. The Ly30 and Ly60 measurements 
are based on the reduction of the area under the TEG 
tracing from the time MA is measured until 30 (or 60) 
min after the MA.

Statistical analysis
Continuous data are reported as the mean ± SD 
(range) and/or median (reference ranges) and were 
compared using the twosided Student’s t test for 
normally distributed parameters. Continuous non
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Figure 1  Normal trace. The reference ranges are those defined by manufacturer thromboelastography® 5000 Hemostasis Analyzers (Haemoscope Inc., United 
States). PMA: Projected MA.

Study group (n  = 261)

  Males/females (n/n), % (193/68) 73.9%/26.1%
  Age (yr) 53.5 ± 9.4
  Body mass index (kg/m2) 26.18 ± 6.40
  MELD score    24 ± 6.5
  Indication for liver transplantation (n, %) 
     Alcoholism      40 (15.3 %)
     Viral   189 (72.4%)
     Colestatic   15 (5.7%)
     Other    17 (6.5 %)
     HCC 107 (41 %)
  Laboratory data
     Hb (g/dL) 11.3 ± 2.2 (nv:12-16)
     Hct (%) 3.4 ± 6.2 (nv: 36-46)
     PLT (103/µL) 83.2 ± 66.7 (nv: 150-450)
     PT (%) 53.6 ± 22.4 (nv: 70-100)
     INR 1.7 ± 0.7 (nv: 0.84-1.24)
     aPTT ratio 2.0 ± 9.3 (nv: 0.82-1.24)
     Fibrinogen (mg/dL) 190 ± 120 (nv: 200-400)
     ATIII (%) 50 ± 27(nv: 80-120)

Table 1  Demographic and laboratory data of the Patient 
Population and their indication for liver transplantation

Data are expressed as the median ± SD. MELD: Model for end stage liver 
disease; HCC: Hepatocellular carcinoma; PLT: Platelets; PT: Prothrombin 
time; INR: International normalized ratio; nv: Normal values.
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(P < 0.001) and Ly60 (P = 0.038), indicating slower 
and less stable clot formation in cirrhotic patients (Table 
2). In the cirrhotic population 25 (9.5%), patients had 
r values shorter than normal, indicating a tendency to 
faster clot formation.

Reference values distribution according to patient 
gender, age and liver disease characteristics
A comparison of the average values of TEG parameters 
in the cirrhotic patient population did not show any 
statistically significant difference for gender and age 
(Table 3). Gender and age were not significantly 
associated with greater clot firmness or with enhanced 
whole blood clot formation (Table 3).

Patients with a MELD score less than 20 showed 
greater clot firmness (higher MA, A30 and A60) com
pared with patients with a MELD score above 20, with 
MA (P < 0.001), A30 (P < 0.001) and A60 (Table 3, P < 
0.001). 

As shown in Table 3, the presence of hepatocellular 
carcinoma (HCC) or alcoholic cirrhosis did not result in 
faster coagulation activation (shorter r and k) or greater 
clot firmness (higher MA, A30, or A60). Patients with a 
MELD score under 20 showed no thromboelastographic 
difference based on the presence of HCC. Patients with 
HCVrelated cirrhosis did not show faster activation 
of the coagulation process but showed significantly 
greater clot firmness compared with the other patients 
enrolled in the study because of end stage liver disease, 
according to MA (P = 0.013), A30 (P = 0.021) and A60 
values (P = 0.023). Instead, hepatitis B virusrelated 
cirrhosis did not appear to have any significant influence 
on clot activation or strength.

The clot strength of patients transplanted for cho
lestatic disease was enhanced (higher MA, A30, and 
A60; all with P < 0.001) compared with patients 
without cholestatic liver disease, and activation of the 
coagulation process did not result in faster activation 

(Table 3). 

DISCUSSION
Several authors have found a relatively poor correlation 
between bleeding and laboratory indices of coagulation 
in patients with chronic liver disease[17,18]. INR and PTT 
explore only the first 5% of whole thrombin forma
tion[19,20] and are performed without adding throm
bomodulin, making these techniques less optimal for 
exploring the physiological mechanisms regulating 
thrombin formation. The inadequacy of laboratory me
thods and the production of technologies applied to 
blood coagulation analysis have increased interest in 
thromboelastography for the management of acute peri
operative bleeding[2124]. TEG offers a rapid and global 
view of the coagulation processes[15,2527], but in spite of 
these advantages, users should keep in mind the poor 
reproducibility, the wide boundaries of normality, the 
lack of standardization[8,28] and the need to define local 
normal ranges[28]. 

Although TEG is a useful viscoelastic test for haemo
static monitoring, interpretation of its results requires 
care. In particular, the normal ranges of TEG variables 
may not apply under different operating and patient 
conditions such as in the cirrhotic patient population.

In the present study, we determined the range of 
distribution for TEG variables in a population of patients 
receiving a first liver graft for ESLD or HCC, with a 
MELD score between 15 and 40. We also underlined 
the differences in TEG values obtained from cirrhotic 
patients from those recorded in the normal, healthy 
population. In the cirrhotic population the r and k 
values were above the upper limit of normality in 32% 
and 47.9% of the population, respectively, indicating 
significant reduced activation of clot formation. In our 
population, the mean plasma fibrinogen concentration, 
PT, INR, aPTT and platelet number were outside 

r  (min) k  (min) α  (degree) MA (mm) A(30)  mm A(60)  mm Ly30 (%) Ly60 (%)

  Cirrhotic patient population (n = 261)
     Reference values 6.2-58.5 4.2-39.2 3.4-42.8 10.4-63.5 9.8-62 92-62 0-4 0-10
     Mean ± SD 23.7 ± 12.5 14.9 ± 9.6 18.2 ± 10 35.3 ± 12.8 33.8 ± 12.8 32.3 ± 12.6 0.38 ± 1 2.28 ± 4.3
     Median (range) 21.8 (2.2/75.4) 12.3 (1.6/68.1) 16.1 (1.7/67) 33.6 (2.2/71.9) 33 (2/86) 31 (2.2/85.5) 0.0 (0/11) 0.40 (0/44)
  Healthy population (n = 40)
     Reference values 11-26 3-14 15-46 43-64 41-64 42-63 0-4 0-5
     Mean ± SD 19.6 ± 1.3 9.8 ± 0.9 20.6 ± 1.2 43.7 ± 2.9 43.2 ± 3.1 42.9 ± 0.8 0.8 ± 2.5 0.9 ± 2.1
     Median (range) 17.8 (8-27) 7.2 (2-15) 18.1 (13-48) 41.5 (41-66) 42 (39-67) 41.7 (41-65) 0.7 (0-5) 0.76 (0-7)
     1P 0.039 < 0.001 0.131 < 0.001 < 0.001 < 0 .001 0.06 0.038
     Number of tests below normal 25 (9.5%) 2 (0.76%) 112 (42.9%) 200 (77%) 192 (74%) 207 (79%) 0 0
     Number of tests above normal 84 (32%) 125 (47.9%) 2 (0.8%) 6 (2.3%) 5 (1.9%) 5 (1.9%) 2 (0.76%) 28 (10.7%)
     Total number of tests outside 
     the healthy population range

109 (41.5%) 127 (48.6%) 114 (43.7%) 206 (79.3%) 197 (74.4%) 212 (80.9%) 2 (0.76%) 28 (10.7%)

Table 2  Medians, means, ranges and reference ranges (2.5%-97.5% percentiles) for thromboelastographic variables obtained from 
the study population (261 cirrhotic patients) and from the 40 healthy patients

Number of test results outside the normal reference range proposed by the manufacturer. r: Time to initial fibrin formation; k: Time to clot formation; α: 
Alpha angle, rate of clot formation; MA: Maximum amplitude, absolute clot strength; A30: Maximum amplitude at 30 min after MA; Ly30: Fibrinolysis at 
30 min after MA; Ly60: Fibrinolysis at 60 min after MA; 1P value expresses the significant differences between the mean values obtained from the study 
population and from the healthy population.

De Pietri L et al . TEG reference ranges in liver transplant candidates



588 September 24, 2016|Volume 6|Issue 3|WJT|www.wjgnet.com

the normal laboratory reference range, indicating 
a reduction in clotting factors and platelet number, 
which are typical features of ESLD and could be a 
possible explanation for prolonged r and k values. The 
heparinlike effect (HLE) may also be another possible 
explanation for the longer r time recorded in the 
baseline tracings. This effect is not often represented 
in the first basal tracing (before the beginning of the 
surgical operation) and is usually less pronounced than 
that observed after reperfusion or in patients with acute 
liver failure[29]. Because only 6% of patients undergoing 
LT have a severe HLE at baseline, which does not seem 
to correlate with an increase in blood requirements[30], 
we do not usually perform this test at baseline, and 
we can only argue that a basal prolongation of the r 
time may more often be related to coagulation factor 
deficiencies or hypofibrinogenaemia than to HLE, as 
shown in the laboratory data.

If a large percentage of r and k values were abnor
mally prolonged, then in 58.5% and 51.4% of cases, the 
same parameters were within the range of normality, 
expressing normal clot activation and firmness. This 
observation is in line with Stravitz’ study[31] that showed 
that the mean and median TEG parameters were 
within normal limits in a cohort of 273 patients with 
stable cirrhosis. Nevertheless, we studied a population 
of patients with decompensated cirrhosis, and we 
observed normal coagulation parameters in half of 
the cases and a shorter than normal r value in 9.5% 
of cases, indicating a tendency to faster clot activation. 

These observations are in line with the new concept 
of rebalanced haemostasis, which better describes 
the coagulation condition of cirrhotic patients and is 
usually not represented in conventional laboratory 
tests[10]. However, the haemostatic balance in a patient 
with liver disease is relatively unstable as evidenced 
by the occurrence of both bleeding and thrombotic 
complications[27]. The shorter r values observed in 
9.5% of patients could indicate cirrhotic patients’ 
tendency to develop thromboembolic complications 
at appreciable rates (between 0.5% and 1.9%)[32,33]. 
Another observation derived from the comparison of 
the two studied groups was the reduced clot firmness 
observed in the cirrhotic patient group. MA, A30 and 
A60 values were below the lower limit of normality for 
healthy people in up to 77%, 74% and 79% of patients, 
respectively. Thrombocytopenia, a typical feature of 
chronic liver disease[34,35], may justify the high number of 
patients with lower values of MA, A30 and A60 compared 
with the normal population. Thrombocytopenia, i.e., 
platelet counts between 30 and 100 × 109/L[36], is 
usually a sign of advanced liver atrophy[37] and is 
frequently observed in cirrhotic patients arriving in the 
operating room for LT. Because of increased levels of 
von Willebrand factor and low levels of ADAMTS 13 
metalloproteinase, cirrhotic patients can compensate for 
platelet abnormalities[38]. Another possible explanation 
for these deteriorating TEG parameters may be the 
hypo and dysfibrinogenemia associated with liver 
disease[39,40]. In our patient population, the mean pre

r  (min) k  (min) α  (degree) MA  (mm) A (30)  mm A (60) mm Ly30 (%) Ly60 (%)

  Females (n = 68) 22.7 (7.6-58.6) 12.5 (3-38.5) 16.5 (4.1-52.2) 38.1 (10.3-70) 37.7 (8.5-71.1) 35.5 (6.7-71.1) 0.0 (0-4) 0.25 (0-26.5)
  Males (n = 193) 22.8 (5.8-61.5) 13.5 (3.2-44.9) 15.8 (3.9-49.8) 34 (8.1-71.2) 33.4 (8.1-75) 3.3 (6.7-75) 0.0 (0-4) 0.4 (0-10)
  P 0.9 0.97 0.74 0.57 0.37 0.29 0.64 0.9
  < 60 yr (n = 181) 21 (5.1-57.6) 12.2 (4.1-40.9) 16.7 (3.7-42.9) 32.5 (10.4-62.6) 32 (9.8-59.4) 30.2 (9.2-57.7) 0.0 (0.0-4.1) 0.2 (0.0-9.8)
  ≥ 60 yr (n = 80) 22.7 (10.2-65.1) 13 (5.3-40) 15.6 (2.4-35.4) 37.8 (6.7-70.7) 37.2 (6.7-70.7) 35.2 (6.7-70.7) 0.0 (0-3.5) 0.2 (0-9.8)
  P 0.08 0.8 0.1 0.2 0.2 0.12 0.76 0.54
  MELD < 20 (n = 90) 19.4 (8-59.8) 11.6 (2.6-40.5) 18.3 (4.1-56.8) 38.9 (19.9) 38.4 (17-69.6) 35.9 (8.2-71.6) 0.0 (0-4.9) 0.8 (0-25.3)
  MELD ≥ 20 (n = 171) 22.3 (5.7-58.6) 13 (4.4-40.3) 15.4 (3.2-42.2) 31.3 (9-62.2) 31 (9.1-61.5) 30 (9.1-60) 0.0 (0-4) 0.10 (0-9.6)
  P 0.9 0.66 0.07 < 0.001 < 0.001 < 0.001 0.19 0.76
  Not alcoholic (n = 216) 21.2 (5.6-58.7) 13.1 (4.1-41) 15.4 (1.8-32.4) 30.2 (2.8-70.4) 30 (2.8-70.4) 29 (2.8-70.4) 0.0 (0-1.4) 0.3 (0-6.9)
  Alcoholic (n = 45) 22.5 (10.4-63.3) 12.8 (3.6-30.8) 15 (2.2-45.3) 33.9 (5.7-64.2) 33.8 (5.7-64.2) 33.1 (5.7-63.9) 0 (0-10.4) 0.4 (0-42.5)
  P 0.68 0.81 0.2 0.16 0.18 0.19 0.95 0.97
  HCV absence (n = 111) 21.8 (7.4-68.5) 11.5 (4.5-54.4) 16.7 (3-40.6) 37.6 (8.9-70.1) 36.6 (8.9-70.1) 33.9 (8.9-68.6) 0.0 (0.0-3.6) 0.4 (0-9.4)
  HCV presence (n = 150) 21.5 (5.2-53.7) 13.1 (4.1-36) 15.7 (4-43.3) 31.4 (10.5-59.3) 30.9 (9.9-59.1) 30 (8.5-57.7) 0 (0-4.2) 0.15 (0-13.9)
  P 0.31 0.62 0.43 0.013 0.021 0.023 0.65 0.43
  HBV absence (n = 206) 22.0 (6.4-57.9) 13 (4.2-38.1) 16 (3.8-42.8) 33.9 (10.2-65.8) 33.6 (9.1-67.3) 31.2 (7.4-67) 0 (0-4) 0.3 (0-10.4)
  HBV presence (n = 55) 21 (3.8-65) 11.2 (2-67.3) 16.7 (3.2-56.1) 33.3 (10.7-55.7) 32.5 (10.7-55.6) 30.1 (10.7-53.4) 0 (0-4.1) 0.4 (0-14.4)
  P 0.34 0.4 0.36 0.25 0.2 0.16 0.74 0.99
  Not cholestatic (n = 246) 21.7 (6.2-57.9) 12.3 (4.1-40) 15.5 (3.4-42.4) 33 (10.2-58.6) 32.1 (9.6-58.5) 30.2 (9-57.1) 0.0 (0-3.9) 0.4 (0-10.4)
  Cholestatic (n = 15) 22.2 (NA) 11.5 (NA) 18.1 (NA) 53.4 (NA) 53.4 (NA) 53.3 (NA) 0.0 (NA) 0.3 (NA)
  P 0.15 0.53 0.38 0.001 0.001 0.001 0.26 0.5
  HCC absence (n = 154) 2.7 (7.6-65.6) 12.2 (4.2-42.2) 16.5 (3.1-42.9) 33.9 (10.7-65.1) 33 (10.7-62.8) 30.8 (9.7-62.8) 0 (0-4) 0.4 (0-9.1)
  HCC presence (n = 107) 23.2 (4.8-55.8) 13 (4.1-39.6) 15.8 (3.4-42.8) 33.3 (9.3-64.9) 33.3 (8-64.9) 31.5 (8.3-64.6) 0.0 (0-3.4) 0.1 (0-12.5)
  P 0.56 0.6 0.3 0.76 0.84 0.82 0.6 0.87

Table 3  Median and reference ranges for thromboelastography assay in the study population according to gender, age, model for 
end-stage liver disease, liver disease and presence of hepatocellular carcinoma

MELD: Model for End-stage Liver Disease; HCV: Hepatitis C virus; HBV: Hepatitis B virus; HCC: Hepatocellular carcinoma; r : Time to initial fibrin 
formation; k : Time to clot formation; α : Alpha angle, rate of clot formation; MA : Maximum amplitude, absolute clot strength; A30 : Maximum amplitude at 
30 min after MA; Ly30 : Fibrinolysis at 30 min after MA; Ly60 : Fibrinolysis at 60 min after MA.
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operative platelet number was 83.2 ± 66.7 × 109/L, 
which has been shown in experimental observations to 
be sufficient to secure in vitro thrombin generation[41], 
whereas the mean plasma fibrinogen concentration was 
190 ± 122 mg/dL, a value that can require correction in 
cases of severe bleeding[24]. So, a possible explanation 
for the reduced MA amplitude observed in the study 
could be a reduction in plasma fibrinogen concentration 
or fibrinogen function. Specific thrombelastographic 
tests[42,43] may be helpful for determining the combined 
effects of thrombocytopenia and hypofibrinogenaemia. 
Unfortunately, we have only been using TEG functional 
fibrinogen assays to detect signs of functional fibrinogen 
deficit in our intraoperative management since 2013, 
and we did not have enough data to identify the role of 
platelets and fibrinogen in determining MA amplitude. 

Ly30 and Ly60, unlike the other parameters studied, 
have been shown to differentiate between the values 
recorded in healthy patients in a smaller number of 
subjects. Ly30 and Ly60 reference ranges were different 
from the healthy population in 0.76% and 10.7% of 
samples that were above the upper limit of normality. 
Cirrhosis has been variably associated with an increased 
tendency to fibrinolysis; however, hypofibrinolysis can 
also be the result of reduced levels of plasminogen and 
increased levels of plasminogen activator inhibitor[34].

Therefore, although contrasting results have been 
reported, the balance of fibrinolytic processes is most 
likely restored in patients with liver disease by the 
parallel changes in the circulating levels of profibri
nolytic and antifibrinolytic agents[18]. This pheno
menon could explain the low number of patients who 
showed abnormal Ly30 and Ly60 values. During liver 
transplant, primary hyperfibrinolysis may occur in up 
to 60% of cases but is usually confined to the phase of 
hepatectomy and reperfusion[44,45].

Because of the unique haemostatic behaviour of 
cirrhotic patients, specific thromboelastographic ranges 
have to be considered when managing liver transplant 
patients. Even if it was not the point of the study to 
demonstrate the clinical advantage of interpreting the 
TEG traces, taking into account the “reference ranges” 
for cirrhotic patients in term of blood products savage, 
we think that when managing bleeding during surgery, 
it would most likely be useful to correct TEG values 
while keeping in mind the reference ranges for this 
category of patients and not for healthy patients. 

Realizing the wide variation in patient characteristics 
and in the causes of ESLD, we divided our cirrhotic 
population into subgroups of patients based on gender, 
age, MELD score and liver disease characteristics. 
For the potential effect of gender on TEG values, our 
analysis did not find any difference in coagulation 
activation and in clot firmness between females and 
males. Our results do not support the findings of Gorton 
et al[46] who showed enhanced coagulation activity 
in females with nonactivated thromboelastography. 
Chronic liver disease induces a severe dysfunction of 
sex hormone metabolism, causing feminization in men 

and infertility and amenorrhoea in women[47]. This 
may explain the absence of difference in coagulation 
activation between males and females observed in 
our study. Lang et al[48] showed small differences in 
ROTEM variables between males and females that 
were not always statistically significant and argued that 
a sexrelated definition of reference ranges in throm
boelastometry is not necessary.

For age, we were not able to find any thromboelasto
graphic signs of increased coagulability related to ad
vanced age as otherwise described by Ng et al[49] who 
showed that hypercoagulability increases progressively 
beyond age sixty. In our study, r, k, α and MA were not 
dependent on age. The variables are functionally related 
to levels of plasma clotting factors, fibrinogen, platelets 
and activity of circulating inhibitors. It is possible that 
hypercoagulability, which is usually associated with 
advancing age due to increased plasma concentrations 
of fibrinogen, factor VII and factor IX, has not been 
observed in aged patients because of ESLD and 
coagulation factor synthesis impairment[49,50]. 

In accordance with another study[15], we found sig
nificantly higher clot firmness in cholestatic patients 
compared with cirrhotic patients undergoing liver 
transplant for other causes. Usually, patients with 
cholestatic cirrhosis show higher fibrinogen levels as 
well as stable or even increased platelet function[51], 
which can justify the significantly higher clot firmness 
observed in the group of patients transplanted for cho
lestatic disease.

Patients with HCVrelated cirrhosis showed a 
significant tendency towards higher clot firmness (higher 
MA, A30 and A60), which was not observed in patients 
without HCV infection. In HCV liver diseases, Panasiuk 
et al[52] showed evidence of in vivo platelet activation, as 
suggested by the increased concentrations of bthrom
boglobulin and platelet factor 4 in serum. Furthermore, 
plasmasoluble Pselectin levels have been shown to 
be markedly elevated in chronic hepatitis C[53], and this 
infection might be directly responsible for in vivo platelet 
activation and for the higher MA values observed in 
patients suffering from this disease.

The presence of HCC nodules has been associated 
by Samonakis et al[54] and by Krzanicki et al[55], even if 
with a very low prevalence of hypercoagulability, with 
a thrombophilic tendency and with thrombotic com
plications. For this reason, we would have expected 
to see faster coagulation activation (shorter r) and/or 
greater clot firmness (higher MA), but we did not 
observe any signs of hypercoagulation. HCC did not 
appear to be responsible for a higher thrombophilic 
tendency in the study population, even in subgroups 
of patients with a low MELD score (1520) and a minor 
coagulation impairment. 

Patients affected by alcoholic or hepatitis B cirrhosis 
did not show any significant difference in clot formation 
or strength.

Cirrhotic patients with a MELD score under 20 had 
significantly better MA, A30, and A60 values than 
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patients with a score above 20 (P < 0.001), which could 
be an expression of greater stability of the clot related 
to less severe liver disease and better coagulation 
function[56,57]. In particular, r , k, and α  were within 
normal limits, although the maximum amplitude was 
decreased. As previously showed by Stravitz et al[31] 
in patients with stable cirrhosis, global haemostasis is 
maintained, while the mean maximum amplitude of 
clot formation can be below normal limits. Our cohort 
of patients with a MELD score less than 20 represents a 
lower grade of liver disease severity and, for this reason, 
is more similar to the results described by Stravitz.

Our study showed how TEG value distribution in 
patients with ESLD is very different from that obtained 
from a healthy population. The coagulation system in 
healthy patients is characterized by a greater functional 
reserve of both procoagulants and anticoagulants, and 
it is unlikely that the thromboelastographic reference 
ranges of a healthy population are also representative 
of patients with ESLD. In healthy people, “normal” 
range also means normal coagulation balance. Patients 
with liver disease may show a satisfactory coagulation 
balance without spontaneous bleeding, even if their 
TEG values are outside the normal ranges observed in 
healthy people. However, this was a descriptive and not 
an outcome study, and we think that this study’s find
ings should always be kept in mind when TEG data are 
interpreted in patients with ESLD. It was not possible 
to directly demonstrate the clinical effect of interpreting 
the TEG in cirrhotic patients with or without taking these 
“normal” variations into account. Thromboelastographic 
ranges in liver transplant candidates are so different from 
normal subjects that specific ranges for cirrhotic patients 
have to be defined. Because of the unique coagulation 
condition of cirrhotic, TEG ranges representative of this 
category of patients, have probably to be considered 
in all bleeding conditions avoiding to correct these para
meters to normal TEG ranges for healthy patients. In 
the last few years, several transfusion algorithms have 
been proposed, aiming at developing a better treatment 
for haemostasis in patients with coagulopathy and 
bleeding, but none of these algorithms have been built 
using values typically obtained from cirrhotic patient 
candidates. For this reason, our group has already 
shown how specific thromboelastographic cut off values, 
adapted for cirrhotic patients, can be used to guide blood 
product infusions before invasive procedures, ensuring 
patient safety and avoiding bleeding episodes[58]. Simi
larly, Wang et al[21] showed that TEG values higher than 
normal in transplant recipients may not have a reliable 
predictive value of increased blood loss during surgery. 
In their study, the authors adopted a TEGguided trans
fusion protocol using higher threshold values to initiate 
transfusions, without observing any negative conse
quences. Therefore, standard TEG values obtained from 
healthy volunteers may be misleading for patients with 
liver disease. 

This study presents the following possible limitations: 
TEG suffers from a lack of proven standardization[8,9], 

and preanalytical factors such as sampling and sample 
handling could play a significant role in coagulation 
testing. Due to the manual steps, such as placement of 
pin and cup or pipetting a sample, operatortooperator 
variability had to be considered. Another possible 
limitation is that the range of distribution described in 
this population could most likely only be applied to our 
reality and is not necessarily representative of other 
liver transplant centres.

In conclusion, the comparison between thromboe
lastographic parameters of cirrhotic patients and those 
of healthy subjects have shown many differences that 
are the ultimate expression of the different coagulation 
balance typical of cirrhotic subjects. The analysis of 
the cirrhotic population has also demonstrated how 
a MELD score greater than 20 and HCV infection
related cirrhosis may be related to the formation of a 
less stable clot, and patient candidates for LT due to 
cholestatic liver diseases are capable of forming more 
stable and durable clots. The TEG values described in 
this population of candidates for liver transplantation, 
although very different from those of a healthy popu
lation, are however an expression of a new haemostatic 
balance that cirrhotic patients reach and, in conditions 
of stability, does not result in spontaneous bleeding. The 
observation of a shorter than normal r value in 10% of 
cirrhotic patients should make the reader remember 
that such a population of patients can face thrombotic as 
well as haemorrhagic problems during surgery because 
of their unstable haemostatic balance. Determining a 
range of distribution for TEG values in a very specific 
population of cirrhotic patients could be important for 
the implementation of a transfusion protocol based 
on a pointofcare device that could help in properly 
guiding coagulation therapy. If the imperative is the 
correction of the thromboelastographic parameters only 
in the presence of active bleeding, aiming to restore 
TEG values to those suggested as “normal” could lead 
to an overcorrection of the coagulation abnormalities 
typical of cirrhotic patients. This hypothesis needs to be 
confirmed by detailed clinical trials on the medical utility 
of new TEG reference ranges for the management of 
perioperative haemostasis in cirrhotic patient clinical 
settings. 

COMMENTS
Background
Standard laboratory tests (international normalized ratio, activated partial 
thromboplastin time) fail to give comprehensive information about the bleeding 
tendency and coagulation status of cirrhotic patients because they are 
not standardized across centres when used for patients with liver disease 
and are performed in the absence of thrombomodulin. All of these limits 
have progressively increased the interest in thromboelastography (TEG), 
which assesses the overall coagulation process beyond the initiation of clot 
formation. However, this methodology is not standardized, and when defining 
reference values, the TEG analyzer manufacturer suggests that each new 
user should test 20 healthy volunteers to generate “his own” normal values 
to be used locally as reference values. The normal TEG values reported by 
manufacturers and the literature are determined from the average clotting time 
of healthy volunteers, making them unreliable and potentially misleading in the 
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management of patients with liver disease. It is very important to try to generate 
a more reliable picture of a common cirrhotic patient coagulation profile to 
properly manage these patients during liver transplant (LT). 

Research frontiers
Many publications have shown that TEG-based transfusion algorithms are 
useful in the management of blood products during LT, but the proposed cut-
off value for transfusion is subject to great variability. The values proposed as 
indices of transfusion are often detected in patients with cirrhosis without being 
associated with bleeding. In this study, similar to reference values obtained 
from healthy people, the authors tried to study TEG value distribution in a group 
of patient candidates for LT. Stravitz, in a cohort of 273 patients with stable 
cirrhosis, found that the mean and median TEG parameters were within normal 
limits, although the maximum amplitude was decreased in proportion to the 
severity of thrombocytopenia due to hypersplenism. In contrast with this author, 
the authors studied patients with decompensated cirrhosis who arrived in the 
operating theatre with rebalanced haemostasis, which differs considerably from 
healthy people but can be “normal” for cirrhotic patients. 

Innovations and breakthroughs
Stable cirrhotic patients do not have inherent bleeding diathesis but rather a 
reduced reserve that can be readily tipped towards a bleeding or thrombotic 
tendency. In the last few years, several transfusion algorithms have been 
proposed, aiming to develop a better treatment for haemostasis in patients 
with coagulopathy and bleeding, but none of these algorithms have been built 
using values typically obtained from cirrhotic patient candidates. In contrast 
with Stravitz, the authors studied a population of patients with decompensated 
cirrhosis, with candidates for liver transplant having normal coagulation 
parameters in almost half of cases and more rapid clot formation in a small 
percentage of patients. The authors could show which reference range 
distributions in a population of patient candidates for LT should be taken into 
account when administering blood products during LT. However, this is a 
descriptive and not an outcome study, and the authors think that these findings 
should always be kept in mind when TEG data are interpreted in patients with 
end-stage liver disease. 

Application
Stable cirrhotic patients do not have an inherent bleeding diathesis but rather 
a reduced reserve that can be readily tipped towards a bleeding or thrombotic 
tendency. The liver disease patient has a new balanced haemostatic profile 
that corresponds with TEG values that are very different from those observed 
in healthy people but that are within the range of normality in almost half of 
the liver transplant candidates studied. Even if it was not possible to directly 
demonstrate the clinical effect of interpreting the TEG traces, taking into 
account the “reference ranges” for cirrhotic patients, the authors think that in 
cases of bleeding episodes or intraoperative haemorrhage, it would most likely 
be useful to correct TEG values while keeping in mind the reference ranges for 
this category of patients to avoid unnecessary blood product transfusions. 

Terminology
TEG offers a more targeted approach for assessing the overall outcome of the 
interactions of clotting factors beyond the initiation of clot formation. Although 
TEG is a useful viscoelastic test for haemostatic monitoring, interpretation of its 
results requires care, especially in cirrhotic patients in whom they have already 
shown that specific cut off values are necessary to guide blood products infusion. 
Liver transplantation is the only therapeutic approach for end-stage liver disease. 
It is a surgical procedure characterized by deep haemodynamic, coagulation and 
biochemical repercussions that are different depending on the surgical stage 
(laparotomy, pre-anhepatic, anhepatic, or reperfusion phase) observed.

Peer-review
This is a very interesting observational study and the manuscript has been well 
written. 
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