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Abstract

Background: New laboratory tests that measure global hemostasis indicate generally
preserved hemostatic function in patients with cirrhosis. It is not known whether nor-
mal hemostatic function is maintained across various subsets of patients.

Objectives: In the present study, we investigated clot generation and clot lysis kinetics
in a large group of patients with different etiologies of disease.

Patients/Methods: Blood samples of 270 patients with cirrhosis were studied using
thromboelastography (TEG), which measures the dynamic and physical properties of
clot formation and lysis in whole blood. TEG parameters of different subsets of the
patient population were compared. Correlations with routine laboratory tests as well
as clinical outcomes were explored.

Results: Overall, TEG parameters were normal and similar between underlying disease
etiologies. A proportion of subjects showed hypocoagulable features, with the excep-
tion of patients with cholestatic cirrhosis in whom TEG readings showed hypercoagu-
lable features. In all groups, K-time, a-Angle, and MA correlated well with platelet
counts and fibrinogen plasma levels. After a mean follow-up of 2 years and 11 months,
31 patients had experienced a bleeding event, 8 had developed thrombosis, and 173
patients (64%) had undergone liver transplantation and/or had died. TEG baseline pa-
rameters were similar between patients subdivided according to outcome.
Conclusions: TEG parameters reflected generally preserved function of the hemostatic
system in patients with cirrhosis, with hypo- and hypercoagulable features in subsets of
patients with specific underlying disease etiologies. Abnormalities in TEG parameters did
however not predict bleeding, thrombosis, or risk of liver transplantation and/or death.
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o Global hemostasis tests generally indicate preserved hemostatic function in cirrhotic patients.

e Here we present thromboelastography test results of 270 patients of mixed etiology.

o Normal results were seen in the majority of patients, although some were hypo- or hypercoagulable.

e Thromboelastography did not predict future bleeding, thrombosis, or risk of transplant or death.
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1 | INTRODUCTION

Patients with cirrhosis frequently present with complex hemostatic
alterations. It has been proposed that the net effect of the hemo-
static changes in these patients is a rebalanced, yet precarious, hemo-
static system. Indeed, depending on the nature of the trigger and exact
physiological/clinical conditions, the balance may easily tip toward
either bleeding or thrombosis.? Identification of the hemostatic phe-
notype at baseline from individual patients with cirrhosis could poten-
tially predict the likelihood of a thrombotic or bleeding event to occur.

Routine diagnostic tests of hemostasis such as the platelet count
and prothrombin time are often indicative of a hypocoagulable state
in cirrhosis.! In contrast, more advanced hemostasis tests that mea-
sure global hemostasis, including thrombin generation assay (TGA)
and whole blood global viscoelastic tests (VETs), generally indicate a
preserved hemostatic balance.®™ As opposed to routine tests, these
global tests assess the combined hemostatic potential defined by the
balance between pro- and antihemostatic drivers. TGA for example is
determined by the concentration of all the known and potentially yet
unidentified clotting factors and inhibitors. In a landmark study, Tripodi
and colleagues demonstrated that thrombomodulin-modified TGA re-
sults of patients with cirrhosis are generally comparable to those of
healthy individuals. These seminal observations have contributed to
the shift in paradigm on the net effects of the coagulopathy in cir-
rhosis, such that patients are considered to maintain a functional he-
mostatic system at baseline despite complex alterations in hemostatic
components.®

Adrawback of TGA, however, is that it is performed with plasma, and
therefore, the supporting role of blood cells in hemostasis is excluded.
In addition, the test is not designed to measure clot formation, which
is the functional endpoint of the hemostatic system. VETs on the other
hand not only dissect the dynamics of clot formation in whole blood,
they also measure ultimate clot strength and stability. Therefore, VETs
may reflect the hemostatic phenotype better than TGA. Two VETs are
commercially available, thromboelastography (TEG) and rotational
thromboelastometry (ROTEM). Both tests have been used to assess
the hemostatic function of patients with cirrhosis in the Iaboratory.“’6
In addition, studies have been performed that investigated correlations
between TEG/ROTEM parameters and the occurrence of bleeding in
these patients.””” For example, in a small number of patients with cir-
rhosis who presented with acute variceal bleeding, specific parameters
of TEG (R-time, K-time, and a-Angle) indicated more hypocoagulable
features in those who experienced early rebleeding. In contrast, none
of the standard laboratory tests of hemostasis (international normal-
ized ratio (INR), activated partial thromboplastin time (aPTT), or plate-
let count) differed between those who rebled and those who did not.”

Studies so far have been limited by relatively small cohorts or
cohorts of mixed etiology. Therefore, it is yet unknown whether VET
parameters are similar across different etiologies of cirrhosis and
hence reflect a similar baseline hemostatic function across the whole
patient group. It is also unknown whether subdividing hemostatic
function according to etiology will show different correlations with

clinical events (ie, thrombosis or bleeding).

In the present study, we measured the baseline hemostatic pheno-
type by TEG in a large group of patients with cirrhosis. The aim was to bet-
ter define the hemostatic status of patients with cirrhosis across a variety
of etiologies and severity of disease. In addition, we investigated possible
correlations between TEG, bleeding and thrombosis, but also with dis-
ease outcome, since it has been proposed that intrahepatic thrombosis

contributes to a progressive disease course in patients with cirrhosis. %!

2 | PATIENTS & METHODS

Two hundred seventy consecutive outpatients with cirrhosis were
prospectively studied at the Virginia Commonwealth University (VCU)
Medical Center between October 2008 and January 2012. The mean
follow-up period was 2 years and 11 months. Patients were classified
according to severity of disease by using the Child-Pugh classification
and model for end-stage liver disease (MELD). Patients were grouped
according to the following etiologies of disease: hepatitis B or C (HBV/
HCV); ethanol (ETOH)-induced cirrhosis; nonalcoholic steatohepati-
tis (NASH); cholestatic cirrhosis, defined as primary biliary cirrhosis,
primary sclerosing cholangitis or complication of cholecystectomy or
choledochal cyst disease; and other non-cholestatic cirrhosis, defined
as auto-immune hepatitis, alpha-1 antitrypsin deficiency, Wilson’s
disease, Budd-Chiari syndrome, sarcoidosis, or a combination of non-
cholestatic etiologies of cirrhosis. Patients with hepatocellular carci-
noma (HCC) of diverse underlying liver disease etiologies were also
compared to patients without HCC. Exclusion criteria were a docu-
mented history of congenital coagulation disorders, recent viral infec-
tion (<2 weeks), use of antiviral drugs, alcohol or anticoagulant drugs
in the past 10 days, pregnancy, HIV positivity, transfusion with blood
products within the past 7 days, and those who received procoagu-
lant treatments other than vitamin K prior to enrollment. Clinical and
laboratory data were collected from the nearest time point to the per-
formance of TEG, usually within 24 hour. TEG was performed once at
entry of the study. Informed consent was obtained from each patient
before inclusion. The study protocol conformed to the ethical guide-
lines of the 1975 Declaration of Helsinki and was approved by the
medical ethics committee of VCU Medical Center.

2.1 | Definition of complications and final
outcomes of cirrhosis

Patients were seen every 6 months (for Child’s class A patients) or
at least every 3 months (for Child’s class B/C patients) as a matter
of routine by one investigator (RTS). Electronic medical records were
reviewed on each visit, and patients were specifically asked whether
they had any “bleeding or clotting” complications during the in-
terim. Medical records from outside institutions and physicians were
requested in the event of a positive response from a patient when the
complication occurred at a hospital other than VCU Medical Center.
Bleeding complications specifically included spontaneous (non-
procedure-related) gastrointestinal bleeding from any source, the need
for blood transfusion with evidence of blood loss, or other significant
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blood loss. Epistaxis was not included in the assessment of bleeding
complication unless it required intervention. Thrombotic complica-
tions specifically included spontaneous (non-procedure-related) deep
venous thrombosis of the arms legs and/or pulmonary embolism or
new occlusive portal venous thrombosis on ultrasound during 6-month
surveillance exams for hepatocellular carcinoma. Final outcomes of cir-
rhosis included transplant-free survival, orthotopic liver transplanta-
tion (OLT), or death.

2.2 | Thromboelastography

Thromboelastography was performed on a single instrument
(Thrombelastograph Haemostasis Analyzer 5000; Haemonetics Corp.,
Haemoscope Division, Niles, IL, USA). Briefly, 5 mL of 3.2% citrated
whole blood was subjected to TEG within 2 hour of blood draw.
Clotting was initiated at 37°C by the addition of 40 pL of kaolin to
0.34 mL of re-calcified blood where 20 pL of 0.2 mol L™t CaCI2 is
added for a final concentration of 11.1 mmol L™%. Kinetic changes in
clot formation and clot dissolution were measured for 30 minute after
reaching maximal clot firmness. Five parameters were recorded (see
Figure 1 and Table 1).

An abnormal TEG parameter was defined as an R- or K-time above
the upper limit of normal, or an a-Angle or MA below the lower limit of

normal for our laboratory, which are similar to other series.'?

Maximal
amplitude

Amplitude (mm)

Time (min)

FIGURE 1 Schematic overview of TEG parameters

TABLE 1 Definition and normal range

of TEG parameters Parameter

R-time

K-time
a-Angle
Maximum

amplitude
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2.3 | Coagulation tests

PT/INR, platelet counts, and plasma levels of fibrinogen were as-
sayed by the Clinical Coagulation Laboratory at VCU. The PT/
INR and fibrinogen plasma concentration were determined using
the automated STA-R Evolution clot detection system. The PT/
INR was determined using re-calcified plasma and recombinant
human tissue factor and synthetic thromboplastin (Dade Innovin-
Reagent; Siemens Healthcare Diagnostics Products GmbH, Marburg,
Germany). Fibrinogen was determined following the von Clauss
technique using reagents provided by the manufacturer (Diagnostica
Stago, Parsipanny, NJ, USA).

2.4 | Statistical analysis

Continuous data were tested for normality and expressed as
meantstandard deviation (SD) or median [range], and analyzed by
analysis of variance (ANOVA) or Wilcoxon/Kruskal-Wallis Rank
Sums test, as appropriate. Categorical variables were analyzed by
Chi Square test and correlation of continuous data by Pearson cor-
relation (r-value). All data were analyzed using Graphpad InStat 3.10
(San Diego, CA, USA) software package. Significance was defined as a

P-value equal or less than .05.

3 | RESULTS
3.1 | Demographic, laboratory, and clinical
characteristics of patients with cirrhosis

Patient demographics, vital signs, and laboratory test results at the
time of admission, as well as a selection of clinical outcome data,
are presented in Table 2. In brief, the mean age of participants was
57 years and 38% were female. Thirty percent was classified as hav-
ing Child-Pugh A cirrhosis, 51% Child-Pugh B, and 19% Child-Pugh
C. With a median value of 135x107 L}, platelet counts were highest
in cholestatic disease, but this was not significantly higher than in
other etiologies of cirrhosis. However, patients who suffered from
cholestatic cirrhosis had significantly higher fibrinogen levels (me-
dian 396 mg dL™! compared to 191 mg dL™* in HBV/HCV cirrhosis,
for example). Combined, 26% of the patients developed a bacte-

rial infection during follow-up, 49% ascites, 21% renal failure, 25%

Definition
Latency of clot formation

Kinetics of fibrin formation (time from initial clot
formation to an amplitude of 20 mm)

Kinetics of fibrin formation (rate of fibrin formation
and cross-linking on platelets)

Maximum clot firmness

Fibrinolysis 30 minute from maximum amplitude

Normal range

2.5-7.5 minute
0.8-2.8 minute

55.2-78.4 degrees

50.6-69.4 mm

0.0-7.5%
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encephalopathy, 3% thrombosis, and 11% suffered from bleeding
complications. At the end of the study, 71% of the patients had been
hospitalized, 19% underwent liver transplantation, and 46% died.
The mean time from performing TEG to bleeding was 347 days and
72 days to thrombosis. It was 328 days to liver transplantation and
484 days to death. Patients in the cholestatic patient group were
up to 10 time less likely to develop encephalopathy (3%), but 2-3
times more likely to undergo liver transplantation (44%) compared

to patients suffering from other etiologies of cirrhosis, whilst the
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distribution among classes of disease severity between the groups
was similar (ie, Child-Pugh and MELD).

3.2 | Normal R-times in cirrhosis
regardless of the etiology

In Figure 2A, it is shown that the R-time, indicating the latency of clot
formation, was generally within normal range when patients were

combined, with a median (range) of 4.3 minute (1-9.7) (normal range
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FIGURE 2 Admission TEG parameters of patients with cirrhosis combined or subdivided by etiology of disease. (A) R-time, (B) K-time,

(C) a-Angle, (D) Maximum Amplitude (MA) and (E) Lysis-30. Reaction and K-time are expressed in minutes, a-Angle in degrees, MA in millimeter
and Lysis-30 in percentage of clot lysed 30 minutes after reaching MA. Horizontal bars represent medians. *P<.05 in comparison with each
group of non-cholestatic patients. Grid lines indicate the upper and lower limit of the normal range
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2.5-7.5). Six percent of patients had an R-time outside of the normal
range (5% had shortened and 1% prolonged R-times). When patients
were classified according to etiology of disease, median R-times were
normal in all groups: 4.1 minute (1.7-7.2) in HBV/HCV; 4.4 minute
(1.9-6.8) in ETOH; 4.5 minute (2.6-7.1) in NASH; 4.3 minute (1-9.7) in
cholestatic; 4.5 (2.5-7.5) in other non-cholestatic cirrhosis patients and
4.4 minute (2.2-7.3) in cirrhotic patients with HCC. Similar results were
generated when the cohort was subdivided according to disease sever-
ity (ie, median R-times for Child-Pugh A, 4.6 minute; B, 4.3 minute and
C, 4.2 minute) (Figure 3A).

3.3 | Normal-to-increased K-times in cirrhosis
regardless of etiology, with lowest values in
cholestatic cirrhosis

In Figure 2B, it is shown that the K-time, the time to initial fibrin for-
mation, was within normal range in 73% of the cases and prolonged in
27%. The median K-time in all patients combined was 2.1 (0.8-15.2)
(normal range of 0.8-2.8). The median K-time increased with disease
severity (ie, Child-Pugh A, 1.9 minute; B, 2.2 minute; and C, 2.5 minute)
(Figure 3B). When subdivided by etiology, the K-time was 2.4 minute
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(0.8-9.5) in HBV/HCV; 1.8 minute (0.8-8.9) in ETOH; 2.1 minute (0.9-
6.3) in NASH; 2.0 minute (0.8-6.2) in other non-cholestatic cirrhotic
patients and 2.1 minute (0.9-15.2) in cirrhotic patients with HCC. In
contrast, the median K-time was 1.4 minute (0.8-6.2) in patients with
cholestatic cirrhosis, which was significantly lower than each of the
other groups, ETOH cirrhosis excepted. Indeed, only 10% of patients
in the cholestatic group presented with K-times above the normal

range.

3.4 | Normal-to-decreased a-Angles in cirrhosis
regardless of etiology, with highest values in
cholestatic cirrhosis

In Figure 2C, it is shown that the a-Angle, indicating the speed of clot
formation, was normal for most, but decreased in 16% of the patients,
with a median of 64.9 degrees (18.6-80.3) (normal range 55.2-78.4
degrees) in all patients combined. The median a-Angle decreased with
disease severity (ie, Child-Pugh A, 65 degrees.; B, 65.2 degrees; and
C, 62.2 degrees) (Figure 3C). When subdivided by etiology, a-Angle
was 63.8 degrees (33.7-77.1) in HBV/HCV; 63.7 degrees (43.8-76.5)
in ETOH; 63.7 degrees (41.7-76.0) in NASH; 64.9 degrees (45.3-80.3)
in other non-cholestatic cirrhosis and 63.4 degrees (18.6-75.9) in cir-
rhotic patients with HCC. In patients with cholestatic cirrhosis, the
median a-Angle was 70.3 degrees (37.5-79), which is significantly
higher than each of the other groups.

3.5 | Normal-to-decreased MA in non-cholestatic
cirrhosis, but normal-to-increased values in
cholestatic cirrhosis

In Figure 2D, it is shown that the MA, indicating maximal clot strength,
was decreased in 45% of patients combined, normal in 52%, and el-
evated in 3% with a median of 51.7 mm (24.7-79.7) against a normal
range of 50.6-69.4. The median MA decreased with disease severity
(ie, Child-Pugh A, 55.4 mm; B, 50.6 mm; and C, 49.4 mm) (Figure 3D).
When subdivided by etiology, MA was 49.3 mm (26.7-69.3 in HBV/
HCV; 53.5 mm [32.4-68.5]) in ETOH; 52.1 mm (34.3-67.6) in NASH;
54.2 mm (35.7-69.3) in other non-cholestatic cirrhosis patients and
50.8 mm (24.7-69.2) in cirrhotic patients with HCC. Whereas the
largest proportion of patients with non-cholestatic cirrhosis had MA
values within or below reference range, 43% of the cholestatic pa-
tients had values above it. Indeed, the median MA in this group was
63.8 mm (33.5-79.7), which is significantly higher than each of the

other groups.

3.6 | Normal Ly-30 in cirrhosis
regardless of the etiology

In Figure 2E, it is shown that the Ly-30, indicating the percentage of
clot lysed within 30 minute after reaching MA, was normal for all pa-
tients, with a median (range) of 0.5% (0-5.2) of all patients combined
(normal range 0-7.5). Ly-30 was 0.5% (0-4) in HBV/HCV; 0.8% (0-5.2)
in ETOH; 0.25% (0-3.7) in NASH; 0.6% (0-2.5) in cholestatic; 0.15%
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(0-5.1) in other non-cholestatic cirrhotic patients and 0.1% (0-2.9) in
cirrhotic patients with HCC. The median Ly-30 decreased with disease
severity (ie, Child-Pugh A, 0.6%; B, 0.5%; and C, 0.1%) (Figure 3E).

3.7 | K-time, a-Angle and MA correlate with
platelets and fibrinogen in cirrhosis

In this large group of patients with cirrhosis, K-time, a-Angle and
MA correlated with platelet count (r=-.45; r=.52; r=.74, respec-
tively; P<.0001) as well as with fibrinogen levels (r=-.52; r=.55, r=.78,
respectively; P<.0001). These correlations were consistent regardless
of the etiology, as further demonstrated in Table 3. Platelet count,
fibrinogen levels, as well as INR also associated with disease severity

as shown in Figure 3F-H.

3.8 | TEG parameters at admission do not predict
thrombosis, bleeding events, and transplantation or
death in patients with cirrhosis

As shown in Figure 4, TEG parameters at baseline did not significantly
differ between patients who experienced thrombosis or bleeding
events during follow-up or between patients that underwent trans-
plantation or died compared to those who survived during follow-
up. Nevertheless, the limited number of patients that experienced a
thrombotic event during follow-up had a lower median R- and K-time
and higher median MA and a-Angle at baseline compared to the me-
dian of those who did not suffer from thrombosis. Also, no associa-
tions with outcome were found when groups with different etiologies
were investigated separately or when patients with Child-Pugh B and
C cirrhosis were combined into a single group (ie, with advanced dis-

ease at baseline) (data not shown).

4 | DISCUSSION

The above study of kaolin-initiated TEG shows a generally pre-
served function of the hemostatic system in cirrhosis. This is in
line with earlier studies using TEG in patients with cirrhosis.>*?
Nevertheless, this is the largest study of TEG in cirrhosis so far,
which allowed comparison between groups with different etiologies
of underlying liver disease, but with similar baseline characteristics.
In addition, data on outcome were gathered prospectively over an
average period of almost 3 years to investigate the predictive po-
tential of the test for bleeding, thrombosis, and liver transplantation
and/or death.

We found that regardless of etiology, the majority of patients with
cirrhosis had TEG parameters within normal reference range, whereas
a significant proportion also had parameters outside the normal range.
Hypocoagulable features reflected by increased K-time and decreased
a-Angle and MA were found in 16-45% of patients. The latter was not
reflective of the cohort as a whole. Indeed, compared to the other
etiologies, TEG values in patients with cholestatic liver disease were
significantly different. This group demonstrated hypercoagulable



TABLE 3 Correlations between TEG parameters and INR, platelet count or fibrinogen levels according to etiology

Patients combined

HCC

Cholestatic Non-cholestatic

ETOH NASH

HBV/HCV

INR

0.4004 (P<.0001)
-0.3141 (P<.0001)
-0.3308 (P=.0664)

n.s.

0.373 (P=.0325)

n.s.

Mo

0.8518 (P<.0001)

-0.48 (P:

0.4024 (P=.002)
-0.3982 (P

K-time

n.s.

n.s.
-0.5765 (P=.0004)

n.s.

=.047)

=.002)

a-Angle
MA

M

n.s.

-0.7028 (P<.0001) -0.3398 (P=.0493)

-0.4936 (P<.0001)
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-0.6305 (P<.0001) -0.5153 (P=.0141) -0.5766 (P=0.0004) -0.3884 (P=.0076) -0.4525 (P<.0001)
0.5818 (P

-0.5984 (P=.002)

-0.5119 (P<.001)

K-time

0.5189 (P<.0001)
0.7353 (P<.0001)

=0.001)
0.7788 (P<.0001)

0.469 (P

=.0015)

0.5297 (P

.0045)

=.0002)

0.5964 (P

=.0006)

0.5653 (P

0.4585 (P<0.001)
0.662 (P<.0001)

a-Angle

MA

0.7224 (P<.0001) 0.8034 (P<.0001) 0.7073 (P<.0001)

0.7542 (P<.0001)

isth

Fibrinogen levels
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-0.7155 (P<.0001) -0.6169 (P=.0022) -0.6384 (P<.0001) -0.4227 (P=.0038) -0.517 (P<.0001)
0.617 (P

-0.6338 (P=.0001)

-0.486 (P<.0001)

K-time

0.5499 (P<.0001)
0.7766 (P<.0001)

=.0004)
0.7566 (P<.0001)

0.5015 (P

=.001)

0.5471 (P

.0022)

0.6955 (P<.0001)
0.7597 (P<.0001)

=0263)

0.4769 (P<.0001) 0.3988 (P

0.6637 (P<.0001)

a-Angle

MA

0.7425 (P<.0001)

0.8063 (P<.0001)

0.7379 (P<.0001)

Coefficients were computed using Pearson r correlation, with P<.05 considered significant and n.s. indicates not significant

tendencies, notably increased MA values above the normal upper
limit, probably because of higher fibrinogen concentrations and plate-
let count compared to the other etiologies in combination with plate-
let hyperreactivity, which is in accordance with previous studies.®*
Ultimately, however, clot dissolution 30 minute after MA was well
within normal limits in all groups. In addition, despite some patients
having abnormal TEG measurements on admission, this had no impli-
cation for their clinical outcome: TEG parameters between patients
that did or did not experience bleeding, thrombosis, death and/or liver
transplantation were similar, indicating that the test has no value in
predicting these events.

We and others have systematically shown that primary and second-
ary hemostasis are preserved in cirrhosis, with distinct hypercoagulable
features, and the present study adds up to the concept of a rebalanced
hemostatic system in cirrhosis. We have first demonstrated that ele-
vated levels of the platelet adhesive protein von Willebrand factor
(over)compensate for abnormalities in platelet number and function.
Others have subsequently shown that the thrombin generating capacity
in blood samples taken for patients with cirrhosis was preserved® (even
increased in advanced cirrhosisié’ig), as a consequence of a simultane-
ous decrease in pro- and anticoagulant factors. More importantly, these
laboratory studies have contributed to a major shift in the understand-
ing of the clinical consequences of cirrhosis-associated coagulopathy.
Expert opinion now suggests that bleeding in many (surgical) cases are/
were more likely due to hemodynamic changes in patients with cirrho-
sis than to an underlying hemostatic disorder.? It is now also acknowl-
edged that patients with cirrhosis are not “auto-anticoagulated”; they
are not protected from thrombotic events even when PT/INR and aPTT
are prolonged, or when platelet counts are low.*? In fact, it is increas-
ingly recognized that thrombosis can be a major complicating factor in
cirrhosis?® and may even contribute to disease progression.?*

While the results of this study confirm relatively preserved
hemostasis in patients with cirrhosis of diverse etiologies, it raises
some concerns on how to interpret abnormal TEG results in stable pa-
tients with cirrhosis. Notably, the lack of correlation with clinical out-
come needs further appreciation, because ultimately this questions the
utility of TEG in patient management beyond routine diagnostic tests
of hemostasis and the operation theater. So far, there is only evidence
that TEG might be useful in detecting an invasive procedure-related

89,2223 a5 well as early

bleeding or thrombotic risk in cirrhotic patients
rebleeding following sclerotherapy.” A recent randomized study look-
ing at patients with cirrhosis undergoing invasive procedures, com-
pared standard hemostasis screening tests (platelet count and PT) with
TEG. It showed that the latter was more useful in deciding whether
allogenic blood product transfusion was necessary.24 One of the rea-
sons why TEG has not proven useful in stable patients with cirrhosis is
that it is still not sophisticated enough detect the full range of poten-
tial changes in the hemostatic system. This logically hampers accurate
(long-term) prediction of thrombosis or bleeding, although the lack of
association between low K-time/a-Angle/MA and bleeding reported
here can easily be explained by the current notion that bleeding in
cirrhosis is usually secondary to hemodynamic changes (ie, variceal
bleeding due to increased pressure in the splanchnic venous system).?
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FIGURE 4 Association between TEG parameters measured at admission and disease outcome. (A) Reaction time, (B) Kinetic time, (C)
a-Angle, (D) Maximum Amplitude (MA), and (E) Lysis-30 in patients who did or did not experience a bleeding or thrombotic event and, in
transplant-free survivors or patients who received a transplant or died. Horizontal bars represent medians

Kaolin-modified TEG is inherently limited by its initiation of the in-
trinsic clotting cascade which does not reflect physiological (tissue-factor
driven [TF]) clotting dynamics. However, even in TF-triggered TEG, the
absence of thrombomodulin prohibits protein C activation during clot
formation, and therefore TEG does not fully reflect the balance between
pro- and anticoagulant drivers. Also, while TEG can be useful in recogniz-
ing a hyperfibrinolysis-related bleeding risk, it is not designed to detect
a potential thrombotic risk driven by hypofibrinolysis. We have recently
shown that clots from patients with cirrhosis are less permeable com-
pared to healthy individuals despite impaired clot formation, and hence

these are relatively resistant to lysis.2> The proposed underlying mech-
anism is that a reduced potential of fibrinolytic proteins to permeate
through the clot increases the risk of thrombus development. Failure to
detect thrombogenic clot phenotypes in cirrhosis may also partly explain
why the TEG has not proven useful in predicting outcome in this study.
A simpler explanation as to why we did not find a correlation be-
tween TEG and clinical outcome is that the incidence of thrombosis
was either too low to detect one or that the time period between TEG
measurements and measures of outcome was too long. In the present

study, thrombosis incidence was 3%, and interestingly, there were no
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cases of thrombosis in cholestatic disease group, which clearly stood
apart by demonstrated hypercoagulable features of TEG. Moreover,
there were only two cases of thrombosis in the HCC group, while it is
well known that malignancies are associated with an increased risk of
thrombotic events. The low incidence of thrombotic events in our study
was not necessarily lower than previous studies of venous thrombosis
in cirrhosis (incidence of 0.5-6.5%)'¢2%28 but nevertheless highlights
that it will be extremely difficult to predict thrombotic events in the
general cirrhotic population. Also, because the clinical phenotype of
patients may be altered radically during disease progression, there will
be variations in thrombotic or bleeding risk over time, which makes it
difficult to identify the ideal time point for TEG measurement in the in-
dividual patient. Preferably, future prospective studies would incorpo-
rate serial TEG measurements to identify the time window wherein the
test has predictive potential. In addition, to validate the test as a pre-
dictor of thrombosis and/or disease progression, a critical first move
forward will be to identify target groups that have high risk for throm-
botic events in the short-term. One approach would be to adopt the
PADUA prediction score that identifies admitted patients at high-risk
for VTE?’ and to compare it with TEG in a randomized study of VTE risk
detection in hospitalized patients with cirrhosis. Prospectively, TEG
could even guide thromboprophylaxis by measuring individual and po-
tentially supra-/sub-clinical response to therapy.

In conclusion, a single kaolin-activated TEG measurement does
not predict future bleeding or thrombosis in stable patients with cir-
rhosis. Future studies designed to determine if the TEG is sensitive
enough to detect hemostatic changes in cirrhosis should include
either serial TEG measurements from baseline up to the bleeding/
thrombotic event (to better evaluate the dynamic nature of the hemo-
static abnormalities in patients with cirrhosis), and/or a TEG measure-
ment at the time of or shortly after the bleeding/thrombotic event.
Nevertheless, this study of TEG provides evidence of preserved he-
mostatic function in a large group of patients with cirrhosis across a
variety of etiologies. It adds to an increasing number of epidemiolog-
ical, clinical, and in vitro studies documenting rebalanced hemostatic

function in cirrhosis.
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