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Bleeding is a feared complication of invasive procedures in patients with cirrhosis and sig-
nificant coagulopathy (as defined by routine coagulation tests) and is used to justify prepro-
cedure use of fresh frozen plasma (FFP) and/or platelets (PLT). Thromboelastography
(TEG) provides a more comprehensive global coagulation assessment than routine tests
(international normalized ratio [INR] and platelet count), and its use may avoid unneces-
sary blood product transfusion in patients with cirrhosis and significant coagulopathy
(defined in this study as INR >1.8 and/or platelet count <50 3 109/L) who will be under-
going an invasive procedure. Sixty patients were randomly allocated to TEG-guided transfu-
sion strategy or standard of care (SOC; 1:1 TEG:SOC). The TEG group would receive FFP
if the reaction time (r) was >40 min and/or PLT if maximum amplitude (MA) was
<30 mm. All SOC patients received FFP and/or PLT per hospital guidelines. Endpoints
were blood product use and bleeding complications. Baseline characteristics of the two
groups were similar. Per protocol, all subjects in the SOC group received blood product
transfusions versus 5 in the TEG group (100% vs. 16.7%; P < 0.0001). Sixteen SOC
(53.3%) received FFP, 10 (33.3%) PLT, and 4 (13.3%) both FFP and PLT. In the TEG
group, none received FFP alone (P < 0.0001 vs. SOC), 2 received PLT (6.7%; P 5 0.009 vs.
SOC), and 3 both FFP and PLT (not significant). Postprocedure bleeding occurred in only
1 patient (SOC group) after large-volume paracentesis. Conclusions: In patients with cirrho-
sis and significant coagulopathy before invasive procedures, TEG-guided transfusion strategy
leads to a significantly lower use of blood products compared to SOC (transfusion guided
by INR and platelet count), without an increase in bleeding complications. Remarkably,
even in patients with significant coagulopathy, postprocedure bleeding was rare, indicating
that TEG thresholds should be reevaluated. (HEPATOLOGY 2016;63:566-573)

See Editorial on Page 368

C
irrhosis is characterized by decreased synthesis
of both procoagulants and anticoagulants,
whose delicate balance is further weakened by

thrombocytopenia and/or thrombocytopathy.1 These
abnormalities result in prolongation of prothrombin
time (PT) and of activated partial thromboplastin time
(aPTT), all of which have led in the past to consider cir-
rhosis a prototypical hemorrhagic disorder.2 Conse-
quently, guidelines have recommended the correction of
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international normalized ratio (INR) and platelet count
(PLT) deficits through the use of fresh frozen plasma
(FFP) and/or platelet transfusion before invasive proce-
dures to prevent bleeding complications.3,4

However, conventional coagulation tests are scarcely
predictive of the risk of bleeding in patients with cirrho-
sis.5 Conventional PT and aPTT testing do not include
thrombomodulin; therefore, they are not suitable to
investigate acquired deficiency of both pro- and anticoa-
gulants as occurs in cirrhosis. Indeed, tests performed in
patients with chronic liver diseases, after thrombomodu-
lin addition, display normal thrombin generation, sug-
gesting a balanced coagulation in standard conditions.6

Moreover, many prohemostatic drivers, such as von
Willebrand factor,7 further enhanced by low ADAMTS-
13 levels8 and factor VIII,9 are increased in patients
with chronic liver diseases whereas anticoagulants, such
as antithrombin and protein C, are low. These factors
constitute the basis for the recently recognized hyper-
coagulable state of cirrhosis with the consequent risk of
thromboembolic events10 and thrombosis of the spleno-
mesenteric axis.11 This often leads to deterioration of
the clinical course, increase in portal hypertensive com-
plication, and higher mortality.12,13

Expanded knowledge on the process of blood coagu-
lation has led to an increased interest in assays such as
thrombin generation and thromboelastography (TEG;
Haemoscope, Niles, IL), which globally assess clotting
function.

TEG is a point-of-care, global hemostasis assessment
device that measures the viscoelastic changes that occur
during the hemostatic process, providing real-time
reports.14 It has proved effective to guide transfusion
during liver transplantation15,16 and monitor periopera-
tive changes in coagulation during surgery.17 Two TEG
parameters robustly indicate the presence of coagulation
derangements and should be able to guide blood product
transfusion: The first is the reaction time (r), that is, the
latency time between the beginning of the test and the
clot formation as the tracing reaches 2 mm of amplitude.
The second variable is maximum amplitude (MA), that
is, the greatest vertical amplitude of the tracing.14,15

Our aim was to define the efficacy and safety of TEG
in guiding the use of fresh frozen plasma (FFP) or plate-
let transfusion before invasive procedure in patients

with liver cirrhosis and impaired traditional coagulation
tests.

Patients and Methods

Patients. Patients with cirrhosis, between 18 and
80 years of age, followed consecutively at the Gastroen-
terology Unit and/or at the Liver Transplant Center of
the University of Modena and Reggio Emilia (Modena,
Italy) and scheduled to undergo an invasive procedure
were screened for the study. Diagnosis of cirrhosis was
documented by liver biopsy or clinical, laboratory, and/
or imaging features compatible with cirrhosis.

Enrollment criteria were age between 18 and 80
years; histological or imaging-proven liver cirrhosis of
any etiology; and INR >1.8 and/or PLT <50 3 109/L.
Exclusion criteria were ongoing bleeding; previous or
current thrombotic events defined as any documented
blood clot in a venous or arterial vessel; antiplatelet or -
coagulant therapy at the time of enrollment or that had
been discontinued less than 7 days before evaluation for
the study; presence of documented infection or sepsis
according to ACCP-SCCM criteria18; or hemodialysis
in the previous 7 days.

Study Design. In this randomized, controlled,
open-label, intention-to-treat (ITT) trial, patients meet-
ing criteria were randomly assigned to TEG or to
standard-of-care (SOC) group in a 1:1 proportion.
Patients in the TEG group received FFP at a dose of
10 mL/kg of ideal body weight when r time was greater
than 40 minutes and they would receive platelet transfu-
sion in the amount of 1 apheresis unit (i.e., the equiva-
lent of six or more units of platelets from whole blood,
3-6 3 1011 platelets) when MA was shorter than
30 mm. In the SOC group, all patients received FFP
and/or PLT: Patients received FFP at the dose of 10 mL/
kg of ideal body weight when the INR was higher than
1.8 and/or received PLT in the amount of 1 unit when
platelet count was below 50 3 109/L.

To guarantee a better standardization and avoid the
interference of ascites and/or pleural effusion, the
amount of blood products administered both in the
TEG and SOC groups was calculated according to ideal
body weight of the patient. Ideal body weight was calcu-
lated using the Devine formula, as follows:
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Male ideal body weight 5 50 kg 1 2.3 kg * per inch
over 5 feet

Female ideal body weight 5 45.5 kg 1 2.3 kg * per
inch over 5 feet

At the time of randomization, demographic and clini-
cal features were recorded. A full blood test panel was
performed and a whole blood sample was obtained for
TEG as specified below.

Efficacy Assessment. The primary endpoint was the
amount of blood product transfused. Blood products
were defined as either FFP or PLT. For FFP, the different
volumes infused were used for comparison whereas for
platelets the number of units transfused were compared.
In case of partial infusion (i.e., premature discontinua-
tion of infusion), only the amount of FFP actually
infused was considered for the efficacy analysis. Blood
product infusion was completed before starting the pro-
cedure. Platelet units were transfused within 20 minutes
of the procedure.

Secondary endpoints were: (1) occurrence of bleed-
ing, defined as overt bleeding or hemoglobin drop
requiring transfusion with a target of 8 g/dL; (2) 90-day
patient survival; (3) transfusion-related side effects,
defined as any side effect occurring within 6 hours of
blood products infusion; and (4) procedure-related
complications other than bleeding.

All patients provided a written informed consent.
The study protocol was approved by the institutional
review board of Azienda Ospedaliera-Universitaria,
Modena (113/2010; Clinical Trials ID: NCT023
62178) and was conducted in accord with provisions of
the Declaration of Helsinki and good clinical practice
guidelines.

Methods. TEG. Blood samples were collected
with the double-syringe technique from a clean veni-
puncture at the antecubital fossa. The first 6 mL of each
sample were discarded. Whole blood (3.5 mL) was then
collected into a 5-mL syringe (Artsana, S.p.a., Como,
Italy) and, in accord with manufacturer recommenda-
tion, analyzed within 4 minutes from sampling.

TEG was performed using TEG 5000 (Haemoscope)
by one of the same three expert operators blinded to
patient data. Clot formation was triggered by contact
activation without the addition of activators. We chose
to use native blood to avoid the possible alterations
induced by the addition of activators on TEG
parameters.19

TEG parameters used to guide blood product trans-
fusion were:

� r value: which 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 for-
mation and is functionally related to plasma clotting
factors and circulating inhibitor activity (normal
range: 12-26 minutes). Prolongation of the r time
may be a result of coagulation factor deficiencies or
severe hypofibrinogenemia. For the study, r >40
was the indication for FFP transfusion.
� MA value: which is the maximum amplitude on the

TEG tracing. It reflects the strength of the clot and
is a direct result of platelet function and plasma fac-
tors and their interaction (normal range: 42-
63 mm). For the study, an MA <30 was considered
an indication for PLT transfusion.

Safety Assessment. At the end of the procedure,
patients were clinically reassessed and blood tests were
repeated. Patients were assessed daily afterward during
hospitalization. Any bleeding episode was recorded; in
the case of transfusion, amount of blood and
transfusion-related side effects were recorded. Bleeding
was classified according to the World Health Organiza-
tion bleeding score.20 Each procedure was performed by
an expert operator/team according to guidelines. After
patient discharge, assessment of his or her condition was
performed weekly by phone call for 90 days after
procedure.

Statistical Analysis. Reduction in blood product
transfusion was used as a primary outcome to calculate
sample size. Assuming a 20% difference in the average
transfusion requirement (1,000 mL in the SOC group
and 800 mL in the TEG group) with a 5% alpha error
and a 20% beta error, 30 patients in each group were
required. Randomization was performed electronically
by block of 4 in a 1:1 rate.

Mann-Whitney’s U test was applied to compare non-
parametric variables, whereas the chi-square test was
performed for categorical parameters. A two-tailed t test
was used to compare paired variables before and after
the procedure. Kaplan-Meier’s analysis was used to esti-
mate the cumulative probability of survival.

In order to assess the influence (if any) of the use of
blood products and the performance of high-risk proce-
dures on survival, a Cox’s proportional method was used
to identify risk factors for overall survival. The following
baseline variables were considered for univariate analy-
sis: age, creatinine levels, bilirubin levels, presence of
ascites >grade 1, hepatic encephalopathy (HE) grade
>1, procedure at high bleeding risk, and overall blood
product transfusion. Variables with a P value less than
0.10 in univariate analyses were included in the final
multivariate model in which high bleeding risk and
overall product transfusion were forced into the model.
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Results

A total of 153 patients were screened for eligibility
from January 2011 to March 2014: 93 were excluded
and 60 patients were randomly assigned to the TEG
group (n 5 30) or the SOC group (n 5 30). A Consort
flowchart is displayed in Fig. 1. No significant differen-
ces in terms of age, sex, clinical features, cirrhosis prog-
nostic scores, and clotting parameters were present
between the two study groups at baseline. TEG parame-
ters were similar in both groups, especially r time and
MA values (Table 1). We did not observe hyperfibrinoly-
sis in any of the patients: LY30 and LY60 were always
less than 1.6%.

Twenty-eight enrolled patients had an INR >1.8 (12
in the TEG group and 16 in the SOC group;
P 5 0.301); 23 patients had a platelet count <50 3

109/L (14 TEG vs. 9 SOC; P 5 0.184). Nine patients
presented with significant abnormalities in both INR
and platelet count (4 TEG vs. 5 SOC; P 5 0.718). A
protocol violation occurred in 2 control patients in the
SOC group: 1 patient with an INR >1.8 and a platelet
count <50 3 109/L received FFP only; the other patient
had an INR >1.8 and PLTs 5 50 3 109/L, but both
FFP and PLTs were transfused. All patients were eval-
uated according to ITT.

Procedures Performed. Twenty-eight patients
underwent procedures with a risk of bleeding lower than
3%21-23 according to the literature: paracentesis
(n 5 19); thoracentesis (n 5 5); central vein cannulation
(n 5 3); and transjugular intrahepatic portosystemic
shunt procedure (n 5 1). Thirty-two patients underwent
procedures with a bleeding risk exceeding 3%24-27: vari-
ceal band ligation (n 5 10); hepatic resection (n 5 5);

abdominal surgery (n 5 4); endoscopic polipectomy
(n 5 3); radiofrequency ablation (n 5 3); liver biopsy
(n 5 3); biopsy of sites other than liver (n 5 1); abdomi-
nal drainage (n 5 1); endoscopic retrograde cholangio-
pancreatography (ERCP) with sphincterotomy (n 5 1);
and thoracotomy (n 5 1). Distribution of procedures
among the TEG and SOC groups did not differ signifi-
cantly (Table 2).

Blood Product (FFP and/or PLTs) Requirement. The
overall use of blood products was significantly lower in the
TEG group (P< 0.0001; Table 3). Whereas, by definition,
all 30 patients in the SOC group received blood product
transfusion, only 5 of 30 (16.7%) in the TEG group
required blood products per preestablished guidelines (2
because of an MA <30 and 3 because of the combined
presence of r >40 and MA <30).

The total amount of FFP infused was 4,000 mL
(range, 0-2,000) in the TEG group and 17,750 mL

Fig. 1. Consort flowchart. Abbreviation: HCC, hepatocellular
carcinoma.

Table 1. Demographic, Clinical, and Biochemical
Characteristics of Patients Enrolled

TEG Group (n 5 30) SOC Group (n 5 30) P Value

Age, M 6 SD 57.8 6 9.4 58.6 6 12.1 0.777

Males (%) 16 (53.3) 22 (73.3) 0.108

Ideal body weight, kg, M 6 SD 63.7 6 7.8 66.8 6 7.8 0.366

Etiology (%)

HCV 10 (33.3) 13 (43.3) 0.426

EtOH 6 (20) 9 (30) 0.371

HBV 6 (20) 4 (13.3) 0.731

Other 8 (26.6) 4 (13.3) 0.333

Ascites grade �2 (%) 19 (63.3) 16 (53.3) 0.601

HE grade >1 (%) 7 (25) 8 (28.6) 0.763

HCC (%) 8 (26.7) 8 (26.7) 1.0

MELD score, M 6 SD 21.4 6 9.9 20.5 6 6.9 0.685

Child-Pugh score, M 6 SD 9.8 6 2.8 10.1 6 2.4 0.733

Child-Pugh class (%)

A

B

C

3 (10)

11 (36.7)

16 (53.3)

5 (16.7)

5 (16.7)

20 (66.6)

0.706

0.080

0.292

INR, M 6 SD 1.87 6 0.55 2.01 6 0.69 0.417

PT (%) 44.3 6 16.6 40.4 6 14.3 0.344

PLT count, 109/L, M 6 SD 56.5 6 32.5 61.3 6 41.9 0.622

WBC, 109/L, M 6 SD 5.727 6 5.29 5.229 6 3.51 0.669

Hemoglobin, g/dL, M 6 SD 10.9 6 1.9 10.3 6 1.3 0.168

Total bilirubin, mg/dL, M 6 SD 8.5 6 9.6 6.6 6 6.3 0.380

Creatinine, mg/dL, M 6 SD 1.46 6 1.40 0.97 6 0.46 0.075

Albumin, g/dL, M 6 SD 2.9 6 0.5 2.8 6 0.4 0.187

aPTT, M 6 SD 1.35 6 0.26 1.34 6 0.20 0.920

Fibrinogen, mg/dL, M 6 SD 177.9 6 67.4 151.7 6 61.1 0.183

AT III, %, M 6 SD 43.3 6 21.0 35.4 6 17.8 0.260

TEG parameters

r (min)

K (min)

a-angle (8)

MA (mm)

CL30 (%)

LY30 (%)

19.4 6 11

11.8 6 60

21.5 6 12.6

35.5 6 9.30

96.9 6 12.2

0.15 6 0.37

18.7 6 12.8

10.9 6 7.90

25.0 6 16.8

36.7 6 10.8

99.3 6 1.20

0.12 6 0.37

0.830

0.629

0.374

0.672

0.291

0.775

Abbreviations: M 6 SD, mean 6 standard deviation; HCV, hepatitic C virus; EtOH,

ethanol; HBV, hepatitis B virus; WBC, white blood cells; AT III, antithrombin III.
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(range, 0-1,200; median, 775) in the SOC group. None
of the TEG group needed FFP alone whereas in the
SOC group 16 (53.3%) patients received FFP alone
(P< 0.0001). Overall requirement of PLT was 28 U
(range, 0-6) in the TEG group and 106 U (range, 0-10;
median, 0) in the SOC group. In the TEG group, 2
patients (6.7%) required platelets versus 10 (33.3%) in
the SOC group (P 5 0.021). Three patients (10.0%) in
the TEG group and 4 (13.3%) in the SOC group
received both FFP and platelets (P> 0.9999).

The same results were observed when restricting anal-
ysis to 32 patients who received a high-risk bleeding
procedure. None of the TEG group needed FFP alone
whereas in the SOC group 11 (36.6%) patients received
FFP alone (P 5 0.0003). One patient from the TEG
group (3.3%) required PLT versus 10 (33.3%) in the
SOC group (P 5 0.0029). None of the patients in TEG
group required both FFP and platelets whereas 2 (6.6%)
in the SOC group did (P 5 0.491).

Postprocedure Events. Postprocedure bleeding
occurred in only 1 patient. This patient was scheduled
to have large-volume paracentesis followed by albumin
replacement. Preprocedure blood tests were: INR 2.03;
PLT count 111 3 109/L; aPTT 1.35; hemoglobin (Hb)
12.5; bilirubin 14.3 mg/dL; creatinine 12.58 mg/dL; R
of 17.3 minutes; and an MA of 33.9 mm. He was
randomized to the SOC group and received 900 mL of
FFP (ideal weight of the patient was calculated at
83 kg). The day after paracentesis, the patient experi-
enced a rapid drop in Hb levels (9 g/day). A diagnostic
tap showed hemoperitoneum. The patient was treated
with 2 units of packed red cells and an infusion of
800 mL of FFP and survived.

Blood tests performed after the procedure showed no
difference between the study groups (Table 4), with the
exception of postprocedure Hb levels. A minimal, but
significant, Hb drop (23.8%) was observed after the
procedures in the SOC group (preprocedure Hb
10.3 6 1.3 vs. post-procedure Hb 9.9 6 1.2 gm/dL;
95% confidence interval [CI]: 0.07, 0.74; P 5 0.019,
paired t test). A significant reduction in INR levels was
also observed (preprocedure INR 2.01 6 0.6 vs. post-
procedure INR 1.75 6 0.4; 95% CI: 0.05, 0.46;
P 5 0.014, paired t test). In the TEG group, neither Hb
(10.9 61.9 vs. 10.7 6 1.8 gm/dL; 95% CI: 0.20, 0.53;
P 5 0.369) nor did traditional coagulation tests change
(INR 1.87 6 0.5 vs. 1.92 6 0.6; 95% CI: 0.14, 0.05;
P 5 0.375). None of the other variables showed a statis-
tical difference when comparing pre- and postproce-
dures values (data not shown).

No transfusion side effects were reported in the TEG
group, whereas an allergic reaction during FFP infusion
occurred in the SOC group (3.3%). None of the
patients in the TEG group showed bleeding events
related to the procedure; however, 4 subjects received a
total of 6 red blood cells (RBC) units (median, 1) dur-
ing hospitalization for anemia not related to overt bleed-
ing. In the SOC group, 1 patient presented a grade 3
bleeding episode related to paracentesis receiving 2 units
of RBC. Three other patients in this group received a

Table 3. Distribution of Blood Products
Transfused in TEG and SOC Groups

TEG Group

(n 5 30)

SOC Group

(n 5 30) P Value

Overall blood products requirement (%)

Total amount of FFP infused, mL

Low-risk procedure

High-risk procedure

Total amount of PLTs pools infused, U

Low-risk procedure

High-risk procedure

5 (16.7)

4,000

0

22

6

30 (100)

11,050

6500

28

78

<0.0001

0.002

<0.0001

0.046

0.001

FFP only (%)

FFP, mL infused/patient

Low-risk procedure

High-risk procedure

0

0

0

16 (53.3)

895 6 129

920 6 303

<0.0001

<0.0001

0.002

PLTs only (%)

PLTs, mL infused/patient

Low-risk procedure

High-risk procedure

2 (6.7)

225 6 35

11 6 45

10 (33.3)

263 6 57

178 6 140

0.021

0.402

<0.0001

FFP and PLTs (%)

FFP, mL infused/patient

Low-risk procedure

High-risk procedure

PLTs, mL infused/patient

Low-risk procedure

High-risk procedure

3 (10.0)

1,333 6 585

0

300 6 10

0

4 (13.3)

600 6 141

950 6 212

300

325 6 35

0.500

0.099

0.210

0.048

Invasive procedures were defined as at low (bleeding probability lower than

3%) or high (bleeding probability exceeding 3%) risk according to previous

studies.22-26

Table 2. Distribution of the Procedure
Performed in the TEG and SOC groups, Divided in
Procedures at Low or High Risk of Bleeding19-26

TEG Groupn (%) SOC Groupn (%) P Value

Low risk of bleeding

Paracentesis 12 (40) 7 (23.3) 0.165

Thoracentesis 0 5 (16.7) 0.052

Central vein cannulation 1 (3.3) 2 (6.7) >0.999

TIPSS 0 1 (3.3) 0.313

High risk of bleeding

Endoscopic variceal banding 6 (20) 4 (13.3) 0.730

Hepatic resection 3 (10) 2 (6.7) >0.999

Other abdominal surgery 2 (6.7) 2 (6.7) >0.999

Radiofrequency ablation 2 (6.7) 1 (3.3) >0.999

Endoscopic polipectomy 3 (10) 0 0.119

Percutaneous liver biopsy 0 3 (10) 0.237

Biopsy of other sites 0 1 (3.3) 0.313

Drainage other sites 0 1 (3.3) 0.313

ERCP with sphincterotomy 0 1 (3.3) 0.313

Thoracotomy 1 (3.3) 0 0.313
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total of 8 units of RBC (median, 2) for anemia not
related to the procedure performed and without eviden-
ces of overt bleeding.

The whole amount of blood required was similar
between the two groups (6 vs. 10 packs of RBC; 95% CI:
0.67, 0.27; P 5 0.39). The overall requirement of transfu-
sions, even including RBC and/or blood products, was
again lower in the TEG group (n 5 9 [30%]; P< 0.0001)
[Correction added December 22, 2015, after first online
publication: “P 5 0.000” was changed to “P< 0.0001”].

Survival. Fifteen patients died within 90 days from
the procedure, 8 in the TEG group (26.6%) and 7
(23.3%) in the SOC group [Correction added Decem-
ber 22, 2015, after first online publication: text origi-
nally read “7 in the TEG group (23.3%) and 8 (26.6%)
in the SOC group”]. Cause of death was mostly owing
to end-stage liver disease (TEG group: 6 patients; SOC
group: 7 patients). The other patients died from sepsis.
Kaplan-Meier’s curve analysis showed no survival differ-
ences between groups (P 5 0.880; Fig. 2). Table 5 shows
the results from Cox’s regression analysis in relation
with survival. Age (hazard ratio [HR]: 1.074; 95% CI:
1.013-1.140; P 5 0.018), bilirubin levels (HR, 1.112;
95% CI: 1.047-1.181; P 5 0.001), and ascites (HR,
2.134; 95% CI: 1.020-4.465; P 5 0.044) were inde-
pendently associated with survival at 90 days. High-risk
bleeding procedure and blood product transfusion were
not associated with mortality.

Discussion

Views on the clotting status of patients with cirrhosis
have had a major recent change. Patients with liver cir-
rhosis are now considered at a higher risk of thrombotic,
rather than hemorrhagic, complications.9,13 However,
the hemorrhagic risk associated with invasive procedures
is consistent and is addressed differently depending on
expertise and confidence in treating these patients.
Although some experts do not recommend routine cor-
rection of coagulopathy before the performance of low-
risk procedures such as paracentesis,28 many guidelines
recommend correction for abnormal INR and platelet
count even at thresholds more conservative than those
used in our study.4,29 Accordingly, most clinicians facing
patients with coagulopathy transfuse patients with FFP
and/or platelets, fearing that impaired clotting will
translate in a higher risk of bleeding.30

The aim of our study was to prove that TEG-guided
transfusion strategy, by using a more accurate method to
reflect coagulopathy, would lead to a significantly lower
use of blood products compared to standard practice
(transfusion guided by INR and platelet count). We, in
fact showed that blood product use was significantly

Table 4. Postprocedure Assessment and Complications

TEG Group

(n 5 30)

Control Group

(n 5 30) P Value

Postprocedure Hb, g/dL 10.7 6 1.8 9.9 6 1.2 0.043

% difference from baseline mean Hb 20.9 23.8

Postprocedure INR 1.9 6 0.64 1.75 6 0.41 0.225

% difference from baseline mean INR 11.6 212.9

Postprocedure PLTs count (109/L) 55.2 6 27.5 58.3 6 31.3 0.692

% difference from baseline

mean PLTs count

22.3 24.8

Transfusion-related side effects (%) 0 1 (3.3) 0.313

Procedure-related bleeding (%) 0 1 (3.3) 0.313

RBC transfusion (%) 4 (13.3) 4 (13.3) 0.718

Fig. 2. Kaplan-Meier’s analysis of survival between study groups.

Table 5. Uni- and Multivariate Analysis According to Cox’s Proportional Hazard Model

Univariate Analysis Multivariate Analysis

Variables HR (95% CI) P Value HR (95% CI) P Value

Age 1.075 1.024-1.029 0.003 1.074 1.013-1.140 0.018

Creatinine levels 1.265 0.948-1.688 0.110

Bilirubin levels 1.095 1.039-1.146 0.000 1.112 1.047-1.181 0.001

Ascites grade >1 0.357 0.114-1.123 0.076 2.134 1.020-4.465 0.044

Encephalopathy grade >1 0.563 0.192-1.648 0.294

High-risk procedures 0.537 0.191-1.510 0.239

Blood product transfusion 1.132 0.410-2.123 0.811
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lower when using TEG to guide transfusion of blood
products.

However, our main finding is perhaps the fact that
only 1 patient in the whole cohort (2%) had a postpro-
cedure bleed, and this patient had a large-volume para-
centesis (low-risk bleeding procedure) and had received
FFP before the procedure. This indicates that postproce-
dure bleeding risk is not related to coagulopathy itself or
to it being corrected, but rather on the occurrence of
local complications of the procedures (in our case, likely
damage to abdominal wall blood vessels during para-
centesis). Furthermore, both in the TEG and SOC
group, blood product transfusion occurred by chance
more often in the low-risk, rather than in the high-risk,
procedures despite which the risk of procedure-related
bleeding did not increase. This further supports that
patients with cirrhosis and significant coagulopathy, as
defined by traditional clotting test thresholds (INR
>1.8 and/or platelet count <50 3 109/L) or by our
TEG parameters, do not have an increased procedure-
related bleeding risk, independent of the procedure,
unless an untoward local event occurs.

TEG has become the reference method for coagula-
tion monitoring during liver transplantation given that
it allows a quick and comprehensive evaluation of the
multiple components of clot formation16,31 whereas tra-
ditional tests such as prothrombin time (or INR) and
platelet count are unreliable for the evaluation of the
coagulation cascade during complex surgery and in
patients with cirrhosis. Conventional coagulation tests
are also largely ineffective in diagnosing hyperfibrinoly-
sis.32 Cirrhosis has been variably associated with an
increased tendency to fibrinolysis, although contrasting
results have been reported. We did not find signs of
hyperfibrinolysis in any of the patients, possibly as a
result of parallel changes in the circulating levels of pro-
and antifibrinolytic agents.30 Contrary to INR and pla-
telet count, TEG provides dynamic and comprehensive
information on hemostasis. This, in the setting of cir-
rhosis, appears to be more informative than the quanti-
tative measurement on any single component of the
coagulative cascade. Our data also suggest that the TEG
parameters we chose for enrollment (r >40 for FFP
transfusion, MA <30 for PLT transfusion) are probably
very conservative and could be further modified in order
to pick up patients with more severe coagulopathy.

Regarding other postprocedure complications, there
was a significant drop in Hb level in the SOC group
compared to TEG group. Given that there was only a
single episode of bleeding in the SOC group, the most
likely explanation for the Hb reduction is hemodilution
resulting from FFP infusion. Similarly, INR values

decreased below the 1.8 cut-off value as a consequence
of FFP replacement.

Overall survival was poor: 25% of the patients died
within 90 days of enrollment. This is not surprising
given that 60% of the patients were in Child-Pugh class
C and the overall Model for End-Stage Liver Disease
(MELD) score was 20.9 6 8.4 (median 5 21). Accord-
ingly, bilirubin, an indicator of advanced liver disease,
was the strongest independent prognostic factor of sur-
vival whereas neither high-risk risk procedures nor blood
product transfusion were predictors of death. No differ-
ence in survival was recorded between the TEG and
SOC groups and this further underlines that TEG-
directed decision making in replacement needs of blood
products was as safe as the traditional criteria.

The main limit of our study lies in the population
studied. The inclusion criteria were strict and excluded
patients with sepsis who are, among patients with cir-
rhosis, those most likely to suffer from alterations of
coagulation. A specific study should be designed to
address this particular category of patients.

In conclusion, assessment of coagulation before inva-
sive procedures with TEG was shown to reduce the use
of blood products in patients with significantly altered
INR and platelet count without increasing the risk of
procedure-related bleeding. Future studies stratifying
the bleeding risk according to single invasive procedures
and to subgroups of patients with cirrhosis (e.g., sepsis
vs. no sepsis) will better clarify the impact of TEG in
the prediction of hemorrhagic risk in patients with liver
cirrhosis and coagulopathy.
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