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Reduced Clot Stability by

Thromboelastography as a Potential
Indicator of Procedure-Related Bleeding

in Decompensated Cirrhosis

Alberto Zanetto,' Henry M. Rinder,** Marco Senzolo,’ Paolo Simioni,® and Guadalupe Garcia-Tsao'?

In patients with decompensated cirrhosis, procedure-related bleeding is a potentially lethal complication. Routine co-
agulation tests such as international normalized ratio and platelet count do not predict bleeding risk. We investigated
whether thromboelastography (TEG) can identify patients with cirrhosis who are at risk of procedure-related bleeding.
As a part of a prospective study on hemostasis in decompensated cirrhosis, patients had TEG performed on admis-
sion and were followed prospectively during hospitalization for the development of procedure-related bleeding. Eighty
patients with cirrhosis were included. Among the 72 who had procedures performed, 7 had procedure-related bleeding,
which was major in three cases (two following paracentesis and one following thoracentesis). Conventional coagulation
tests were comparable between bleeding and nonbleeding patients, whereas TEG parameters of k-time (4.5 minutes vs.
2.2 minutes; P = 0.02), a-angle (34° vs. 59°% P = 0.003), and maximum amplitude (37 mm vs. 50 mm; P = 0.004) were
significantly different (all indicative of hypocoagulability). TEG maximum amplitude (MA), a marker of overall clot
stability, accurately discriminated between patients who had major, life-threatening bleeding (all with MA < 30 mm)
and those who had mild or no bleeding (all with MA > 30 mm), whereas a platelet count < 50 x 10°/L. could not
discriminate between bleeding (minor or major) and nonbleeding patients. Conclusion: In a prospective cohort of hos-
pitalized patients with decompensated cirrhosis, TEG parameters associated with hypocoagulability appeared to predict
procedure-related bleeding, particularly a TEG MA < 30 mm. If results are validated in a larger cohort, this could be
a threshold to identify patients with decompensated cirrhosis at higher risk for procedure-related bleeding, in whom to
consider preprocedural prophylaxis. (Hepatology Communications 2021;5:272-282).

n hospitalized patients with decompensated cir-

rhosis, procedure-related bleedin

potentially lethal complication,(l_8 as it has been
associated with a mortality of up to 78%.“

hemostatic status that is not appropriately assessed
by conventional coagulation parameters, specifically
international normalized ratio (INR) and platelet
count.’1¥

is a rare but

Although historically considered to be at high risk
of bleeding, patients with cirrhosis, particularly those
who are decompensated, actually have a rebalanced

In fact, patients with decompensated cirrhosis, par-
ticularly those with acute kidney injury (AKI), have a
fragile hemostatic status that is both hypocoagulable

Abbreviations: ACLE acute-on-chronic liver failure; AKI, acute kidney injury; INR, international normalized ratio; IQR, interquartile range;
MA, maximum amplitude; MELD, Model for End-Stage Liver Disease; TEG, thromboelastography; VI'E, venous thromboembolism.
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and hypercoagulable.™ It has been shown that INR
and platelet count do not predict bleeding risk in
patients with cirrhosis,”*® and therefore should
not be used to guide preprocedural blood product
use.(17’18)

As knowledge on coagulation alterations that occur
in patients with cirrhosis has increased, there has been
an increased interest in functional hemostatic assays
such as thromboelastography (TEG).?” By measur-
ing the viscoelastic changes of thrombus formation
that occur during the hemostatic process, TEG allows
for a more global evaluation of hemostasis and real-
time quantification of clot formation and stability.(zo)

In patients with cirrhosis who undergo invasive
procedures, the use of TEG has been recently asso-
ciated with a significant reduction of blood prod-

21-25). however, the utility of TEG

to estimate the risk of procedure-related bleeding
(26-28)

uct requirements

remains unclear.

In patients with decompensated cirrhosis, it is
unclear whether alterations in lab tests assessing
hemostasis are truly associated with increased risk
of bleeding or simpl(y reflect the underlying severity
of liver dysfunction. ) Similarly, it is also unknown
whether the correction of such hemostatic alterations
directly mitigates the risk of procedure-related bleed-
ing.(g) In fact, in a multicenter retrospective cohort
of 536 patients with cirrhosis who underwent 1,472
sessions of variceal ligation, hemostatic alterations at
baseline INR > 1.5 and platelet count < 50 x 10°/L)
and preprocedural administration of fresh frozen
plasma and platelets were not predictive of postpro-
cedural bleeding.

Because there is a strong and unmet need for guid-
ance on preprocedural estimation of bleeding risk in
these patients, we prospectively investigated whether
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TEG can identify patients with decompensated cir-
rhosis at risk of procedure-related bleeding.

Patients and Methods
PATIENT SELECTION

Adult patients with decompensated cirrhosis
admitted to the inpatient services of Yale New Haven
Hospital between January 1 and September 1, 2019,
were prospectively evaluated to determine eligibility
to participate in a study evaluating coagulation path-
ways in patients with decompensated cirrhosis with or
without AKI."* Decompensation was defined by the
presence or history of clinically evident decompensat-
ing events (ascites, variceal hemorrhage, and hepatic
encephalopathy).®” AKI was defined as an increase in
serum creatinine of greater than or equal to 0.3 mg/dL.
within 48 hours or a 50% increase within 7 days from
baseline serum creatinine.*"

Patients admitted for variceal hemorrhage and/or
who had variceal hemorrhage and/or any other major
bleeding® in the 30 days before hospitalization,
patients with acute on chronic liver failure (ACLF),(33)
and patients who were admitted to the intensive
care units were ineligible. Patients with ACLF were
excluded because ACLF is a specific syndrome in
which inflammation plays a predominant role and
is associated with distinct coagulation features.**
Patients admitted to the intensive care unit were
excluded, as they are more severe and unstable and
more likely to have ACLF compared with patients
admitted to the medical floor, and because they are
more frequently treated with drugs that interfere with
hemostasis and coagulation.
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At screening, patient medical records, past medical
history, and laboratory results were reviewed for the
following exclusion criteria: chronic kidney disease;
presence and/or history of thromboembolic complica-
tions; presence of nonhepatic tumors or any primary
hematologic disease; recent surgery; human immuno-
deficiency virus infection, and history of organ trans-
plantation, including liver. Patients on therapeutic
anticoagulation and/or antithrombotic and/or antifi-
brinolytic therapy were also excluded. All procedures
were performed following guidelines by or under the
supervision of experienced physicians. All paracentesis/
thoracentesis were performed under ultrasound guid-
ance with needles not larger than 15 gauge.

Age and sex-matched healthy subjects were
recruited as controls for TEG parameters. This group
constituted 30 healthy controls with no history of
acute or chronic disease. None of the controls were
taking antithrombotic, anticoagulant, antibiotic, or
hormonal therapy.

STUDY DESIGN

This was a prospective, single-center, cohort study,
approved by the Yale Human Investigation Committee
(#2000024288).

The study was conducted in compliance with the
Declaration of Helsinki, and all patients gave written,
informed consent before enrollment.

Torsion wire

~— Coagulation ———— Fibrinolysis ———+
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As a part of a prospective study on hemostasis in
patients with decompensated cirrhosis, ¥ patients
had TEG performed on admission and were followed
prospectively during hospitalization for the develop-
ment of procedure-related bleeding.

TEG was performed only for research purposes,
and results were not shared with the clinical team car-
ing for the patients.

THROMBOELASTOGRAPHY

Peripheral blood was collected via venipunc-
ture in citrate-containing vacutainer tubes using
21 g needles and tourniquet. Citrated kaolin TEG
(Thromboelastograph TEG 5000; Haemonetics Corp.,
Haemoscope Division, Niles, IL) was performed at the
Hematology Laboratory of Yale New Haven Hospital
within 1 hour after blood collection, by one trained
member of the research team (A.Z.), and according to
the manufacturer’s instructions.*® TEG was allowed
to run for at least 30 minutes after maximum ampli-
tude on the TEG tracing was achieved.

TEG is a validated test that measures the coagu-
lation state and clot kinetics of whole blood, which is
clinically used to assess hemostasis.

TEG measures the properties of whole blood clot
formation using torsion as a measure of clot strength
(Fig. 1A). The graphical representation of whole-blood
hemostasis using TEG is demonstrated in Fig , 1B.

4

a ) Platelets
MA

LY30 Clot strength

Platelet function

Sample

Heating element (whole blood)

Enzymatic Fibrinogen Fibrinolytic
R) Ko (LY30)
Cottingtime  Clot kinetics Uot stability
Coagulation Factors Clot breakdown

FIG. 1. Thromboelastography. (A) TEG measures the properties of clot formation using a small cup that holds the blood sample and
slowly oscillates. A pin held by a thin torsion wire is suspended in the blood; as clot forms, it binds the cup and pin together. The torsion
on the pin is measured and converted to an electrical signal. Clot strength is directly proportional to torsion on the pin. (B) Graphical
presentation of the TEG hemostasis profile for clot formation and lysis, with MA reflecting overall clot stability.
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In this study, the following parameters of TEG

were recorded:

- “r-time,” defined as the time from the start of the
TEG tracing until the trace amplitude reaches
2 mm (normal range: 5-10 minutes), represents the
rate of initial clot formation (initiation phase), and is
primarily related to the activity of procoagulant and
anticoagulant clotting factors. Prolongation of the
r-time is the result of coagulation factor deficiencies
or severe hypofibrinogenemia.

- “k-time,” defined as the time from r-time until
the trace amplitude reaches 20 mm (normal range:
1-3 minutes), represents dynamic formation of the
clot (amplification phase) and is related to the activ-
ity of clotting factors, fibrinogen, and platelets.

- “a,” which is the angle of the line tangential to
the developing trace (normal range: 53°-72°), mea-
sures the speed at which fibrin cross-linking occurs
(thrombin-burst/propagation phase), and is a func-
tion of platelets and plasma factors on the platelet
surface.

- “MA,” the maximum amplitude of the TEG trac-
ing (normal range: 50-70 mm), reflects the ultimate
strength of the clot (overall stability of the clor) and
directly reflects the interaction of platelet function
and plasmatic clotting factors.

- “LY30,” which is the percentage decrease in ampli-
tude at 30 minutes after MA (normal range: 0-8%),
reflects initial dissolution of the clot (fibrinolysis).

DATA COLLECTION

Data collected from the medical record included
causes for admission, patient demographics, labora-
tory data (including conventional coagulation param-
eters), presence of concomitant complications such as
bacterial infection and AKI, use of blood products,
and postprocedural bleeding complications. Model
for End-Stage Liver Disease (MELD) score (and not
MELD-Na) was calculated based on biochemical val-
ues from the day of enrollment.

Thrombocytopenia was defined by a platelet count
<150 x 10%/L and subclassified as mild (100 x 10°/L to
150 x.10%/L), moderate (50 x 10°/L to 100 x 10°/L),
or severe (<50 x 10°/1,).7

According the International Society of
Thrombosis and Hemostasis guidelines for nonsur-
gical patients, major bleeding was defined as follows:

to

ZANETTOET AL.

fatal bleeding and/or symptomatic bleeding in a crit-
ical area or organ and/or bleeding causing a fall in
hemoglobin level of 2.0 g/L or more, or leading to
transfusion of 2 or more units of whole blood or red
cells.®?

Postparacentesis hemoperitoneum was defined as
the presence of hemoperitoneum based on abdomi-
nal computed tomography scan in addition to recent
paracentesis, no other potential etiology for bleeding,
and significant suspicion by the medical team that
bleeding was secondary to paracentesis. The same cri-
teria were used for postthoracentesis hemorrhage.

STATISTICAL ANALYSIS

The primary objective of this study was to deter-
mine whether TEG can identify patients with cirrho-
sis at risk of procedure-related bleeding.

The number of patients included in this ancillary
study was based on the sample-size calculation for the
main trial. ¥

Qualitative data are described using frequency
and percentage. Quantitative data are described
using median with 25% and 75% quartile ranges.
Comparisons between independent groups were per-
tormed using the Mann-Whitney U test and Student
¢ test for continuous variables, and chi-square test of
Fisher’s exact test (when the cell value was small, <5)
for categorical variables. Statistical significance was
set at P < 0.05. All analyses were completed using
SPSS version 26.

Results

Of the 136 patients with decompensated cirrhosis
screened for recruitment (Fig. 2), 80 were included
(50 males, 30 females; median age of 57 years; 84%
with ascites; median Pugh and MELD scores of 10
and 22, respectively) (Table 1). Median time from
hospitalization to recruitment was 2 days (interquar-
tile range [IQR] 1-3).

Nearly all patients were thrombocytopenic with
21%, 44%, and 30% having mild, moderate, and severe
thrombocytopenia, respectively. Median INR was 1.6
(IQR: 1.3-1.8) (Table 1).

Compared with healthy controls, patients with
cirrhosis had a longer r-time (7.4 minutes [6.2-8.8]
vs. 5.6 minutes [4.6-7.2]; P = 0.002), a longer k-time
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N=136

Hospitalized patients with decompensated cirrhosis screened for recruitment

54 patients had at least 1 exclusion criteria:

- Admitted to the ICU (N=10)

- Admitted for VH or who had VH and/or major bleeding in the
past 30 days (N=6)

- ACLF (N=5)

- CKD or RRT (N=11)

- PVT and/or VTE (N=4)

- HIV-infection (N=2)

- Liver transplantation (N=4)

- Major surgery in the past 30 days (N=2)

- Therapeutic anticoagulation and/or anti-thrombotic therapy
and/or blood product transfusion in the past 3 days (N=10)

2 patients refused to participate in the study

N=80

Hospitalized patients with decompensated cirrhosis recruited in the study

Hospitalized patients with decompensated cirrhosi

s who had invasive procedures

N=72
Procedure-related bleeding No procedure-related bleeding
N=7 N=65
Major bleeding Minor bleeding
N=3 N=4

FIG. 2. Flow chart of the study. None of the patients received platelet transfusion before baseline sample collection. Five patients received
fresh frozen plasma (3 days before enrollment in 3 patients and 5 days before enrollment in 2 patients). Abbreviations: CKD, chronic
kidney disease; ICU, intensive care unit; PVT, portal vein thrombosis; RRT, renal replacement therapy; VH, variceal hemorrhage; VTE,

venous thromboembolism.

(2.2 minutes [1.8-4.3] vs. 1.8 minutes [1.2-2.4];
P = 0.001), a smaller a-angle (59° [40-65] vs. 66°
[58-72]; P = 0.0001), and a lower maximum ampli-
tude (50 mm [40-56] vs. 64 [62-69]; P = 0.0001) by
TEG, all indicative of hypocoagulability. Conversely,
LY30 was significantly lower in patients with cirrhosis
versus healthy subjects (0% [0-0.1] vs. 0.2% [0-0.5];
P =0.004).

Median length of hospitalization was 11 days
(IQR = 7-16). A total of 153 invasive procedures were
performed in 72 patients (76 large volume paracente-
sis; 18 diagnostic paracentesis; 15 central venous cath-
eter; 11 esophagogastroduodenoscopy with biopsy; 7
coronary angiography and right heart catheterization;

276

6 permacath catheter for dialysis; 6 transjugular por-
tosystemic shunt; 6 colonoscopy; 4 therapeutic tho-
racentesis; 2 esophageal varices ligation; 1 diagnostic
thoracentesis; and 1 esophageal stricture dilation).

Seven patients experienced procedure-related
bleeding: 4 after large-volume paracentesis, 2 after
therapeutic thoracentesis, and 1 after placement of
permacath catheter for dialysis (Table 2). Median time
from patient’s recruitment to occurrence of bleeding
was 5 days (range: 2-7).

Bleeding was major in three cases (Table 2).
Two patients experienced massive postparacente-
sis hemoperitoneum, and both died after transition
to comfort measures. One additional patient had
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TABLE 1. BASELINE CHARACTERISTICS OF THE

STUDY COHORT
Patients (n = 80)

Age (years) 57 (52-65)
Male gender (%) 62
Etiology of cirrhosis (%)
Alcohol 55
Alcohol + HCV 10
NASH 14
HCV 8
Other 13
Child-Pugh score* 10 (7-13)
MELD score 22 (17-27)
Ascites (%) 84
Reason for admission (%)
Abdominal pain/suspected infection 22
Ascifes 26
AMS or HE 25
AKI 6
Trauma 8
Other 13
Bacterial infection® (%) 35
AKI* (%) 50
VTE prophylaxis (%) 46
Hepatocellular carcinoma (%) 11
Total bilirubin, mg/dL 2.8 (1.6-5.4)
INR 1.6 (1.3-1.8)
Albumin, g/dL 3(2.6-3.4)
Hemoglobin, g/dL 8.4 (7.5-10)
Platelet count, 107/ 77 (48-100)
Creatinine, mg/dL 1.3(0.8-1.8)
Sodium, mmol/L 135 (130-140)
Potassium, mmol/L 4(3.7-4.4)
AST, UL 45 (31-63)
ALT, UL 26 (18-41)

Note: Median values are reported with 25th and 75th percentile
values in parenthesis.

*Median (range).

Spontaneous bacterial peritonitis was the most common type of
infection.

*Etiology of AKI was as follows: prerenal (60%), hepatorenal syn-
drome (20%), and acute tubular necrosis (20%).

Abbreviations: AMS, altered mental status; ALT, alanine ami-
notransferase; AST, aspartate aminotransferase; HCV, hepati-
tis C virus; HE, hepatic encephalopathy; NASH, nonalcoholic
steatohepatitis.

postthoracentesis bleeding requiring three red blood
cell transfusions; this patient recovered and was dis-
charged. None of the patients developed portal vein
thrombosis or any other thrombotic complication
during hospitalization.

TABLE 2. CHARACTERISTICS OF PATIENTS WITH DECOMPENSATED CIRRHOSIS WHO HAD PROCEDURE-RELATED BLEEDING

Time From Procedure

Time From
Admission to

Platelet

Major*

Type of Bleeding  Bleeding

to Diagnosis of
Bleeding

Type of

Count
INR  (x10°L) Prophylaxis Procedure Bleeding (days)

Creatinine
(mg/dL)

AKI

Infection

Pugh MELD

Etiology

Years

Gender

Local hematoma
Local hematoma
Local hematoma
Local hematoma

PPH
PPH

1 day after
Same day

3

Permacath

LvP

No

69
40
31

1.3
2.2

3.1

Yes
Yes
Yes

21 No

7

Alcohol
HCV

42

FFP

Yes
Yes
No

21

53

No
No

1 day after
Same day
Same day

Thoracentesis

LvP

PLT; FFP
No

1.8
1.2
2.3

1.5
0.6

29

11

NASH
HCV
PBC

65
78
53

61

No

10
26

M

Yes
Yes
Yes

LvP

FFP

70
55
68

1.7
3.4

Yes Yes
Yes
0.7

No

10

11

1 day after
Same day

5
4

LvP

FFP
No

1.8
1.5

Alcohol
Alcohol

61

Postthoracentesis

Thoracentesis

18 No No

8

52
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hemorrhage

*Fatal bleeding and/or symptomatic bleeding in a critical area or organ and/or bleeding causing a fall in hemoglobin level of 20 g L™ or more, or leading to transfusion of 2 or more

units of whole blood or red cells.

Abbreviations: F, female; FFP, fresh frozen plasma; HCV, hepatitis C virus; LVP, large-volume paracentesis; M, male; NASH, nonalcoholic steatohepatitis; PBC, primary biliary chol-

angitis; PLT, platelets; PPH, postparacentesis hemoperitoneum.
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Table 3 provides the comparison between patients
who had a procedure-related bleeding and those who
did not.

Severity of cirrhosis, presence of bacterial infec-
tion, and AKI were not predictive of bleeding
(Table 3). Among conventional coagulation param-
eters, INR, platelet count, and severity of thrombo-
cytopenia were comparable between the two groups
(Table 3).

Conversely, k-time, a-angle, and maximum ampli-
tude by TEG were significantly different between
patients who had a procedure-related bleeding
and those who did not (all indicative of hypocoag-
ulability in patients who had a procedure-related
bleeding) (Table 3). Interestingly, TEG maximum
amplitude accurately discriminated between patients
who had major, life-threatening bleeding (all with
MA < 30 mm) and those who had mild or no bleed-
ing (all with MA > 30 mm), whereas a platelet
count < 50 x 10”/L could not discriminate between

TABLE 3. COMPARISON BETWEEN BLEEDERS AND
NONBLEEDERS AMONG PATIENTS WHO HAD A
PROCEDURE PERFORMED DURING ADMISSION

(n=72)

Bleeders Nonbleeders P

n=7) (n=65) Value
Clinical and laboratory data
Age, years 54 (52-65) 57 (51-65) 0.9
MELD 26 (18-31) 22 (14-27) 0.2
Pugh score* 10 (7-12) 10 (7-13) 0.9
Infection, % 43 37 1
AKI, % 71 46 0.3
VTE prophylaxis, % 71 48 0.4
Albumin, g/dL 2.8 (2.5-3.4) 3(2.6-5.5) 0.4
Bilirubin, mg/alL 3.7 (1.4-9) 2.6 (1.6-5.5) 0.8
Creatinine, mg/dL 1.7 (0.7-3.1) 1(0.8-1.8) 0.3
Platelet count, x 10°/L 61 (40-69) 80 (48-120) 0.05
Platelet count < 50 x 10°/L, % 29 28 05
INR 18(1.322) 1.6(1.318) 04
Preprocedural prophylaxis, % 57 25 0.06
TEG Parameters
I-time, minutes 8.1(7.5-25)  7.4(6.2-8.8) 0.1
k-time, minutes 452792 22(1.842) 0.02
a-angle, degrees 34 (30-48) 59 (43-65) 0.003
MA, mm 37 (25-43) 50 (41-57) 0.004
LY30, % 0(0-0.1) 0(0-0.1) 0.8

Note: Median values are reported with 25th and 75th percentile
values in parenthesis.
*Median (range).
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patients who had a procedure-related bleeding (minor

or major) and those who did not (Fig. 3).

Discussion

Our study shows, in a prospective cohort of hos-
pitalized patients with decompensated cirrhosis,
that TEG parameters associated with hypocoagula-
bility appear to predict procedure-related bleeding.
Interestingly, the correlation between TEG param-
eters and risk of postprocedural bleeding demon-
strates that TEG maximum amplitude, a marker
of overall clot stability, accurately discriminated
between patients who had major, life-threatening
bleeding (all with amplitude < 30 mm) and those
who had mild or no bleeding (all with amplitude
> 30 mm). If these results are validated in a larger
cohort, MA < 30 mm could become the threshold
to identify patients with decompensated cirrhosis at
higher risk for procedure-related bleeding, in whom
to consider blood product use (fibrinogen supple-
mentation and platelet transfusion) before invasive
procedures.

TEG is a point-of-care, global, hemostatic device
that evaluates the dynamics of clot formation.?” It
provides real-time data on clot strength and stability
as a result of the interplay between soluble clotting
factors and inhibitors and platelets. In the setting of
cirrhosis, where a multitude of known and unknown
hemostatic alterations exist,(lz) this functional test
appears to be more informative than the quantita-
tive determination of one or more components of the
hemostatic cascade.'®

In our study, TEG was significantly more altered
in patients who had a procedure-related bleeding ver-
sus those who did not, indicative of a relatively more
severe hypocoagulable state. The most profound dif-
ferences between the groups were in a-angle and MA
(being lower in patients who had a procedure-related
bleeding). Both parameters reflect the functional
interplay of procoagulant and anticoagulant factors
and platelets. By contrast, LY30, a marker of fibrino-
lysis, was comparable between patients who had a pro-
cedure-related bleeding and those who did not. These
data, in line with previous findings,*® would suggest
that defects in platelets and/or coagulation are most
likely involved in the pathophysiology of procedure-

related bleeding in decompensated cirrhosis, whereas
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TEG maximum amplitude (MA)

100
L4
80—
60—
S
£
40—
20—

0 1 1 1 1
Cirrhosis with Cirrhosis with Cirrhosis with Healthy
major bleeding minor bleeding no bleeding controls

(n=3) (n=4) (n=65) (n=30)

FIG. 3. TEG maximum amplitude accurately discriminates between patients who had major, life-threatening bleeding and those who
had minor or no bleeding. Overall clot stability, as assessed by TEG maximum amplitude, is significantly diminished (greater bleeding
tendency) in patients with cirrhosis who had major bleeding (all with MA < 30 mm) compared to patients with cirrhosis with minor
bleeding, patients with cirrhosis with no bleeding, and healthy controls (all with MA > 30). On the other hand, a platelet count < 50 x 10°/L
(in red) could not discriminate between patients who had a procedure-related bleeding (minor or major) and those who did not.

fibrinolysis is not substantively affected and may have
no role in the occurrence of procedure-related bleed-
ing. That said, TEG may not be as sensitive to fibrino-
lysis as it is to the function of platelet and coagulation
factors®”; thus, this hypothesis needs to be validated
by more specific fibrinolysis testing.

On the other hand, despite TEG values being sig-
nificantly altered in patients with cirrhosis compared
to healthy subjects (indicating impaired clot forma-
tion and stability), most patients with cirrhosis did
not bleed after a procedure. As noted previously by
De Pietri et al.,(21) our findings confirm that the refer-
ence values of TEG for healthy individuals are prob-
ably too conservative for patients with cirrhosis, and
therefore may not be useful to identify those at risk of
procedure-related bleeding.

Interestingly, the lower LY30, a marker of fibrino-
lysis, in patients with decompensated cirrhosis com-
pared with healthy controls would suggest that there

is a relatively hypofibrinolytic state in these patients.
This is in line with previous findings that showed
no evidence of hyperfibrinolysis in large cohorts of
patients with compensated cirrhosis. 2040 However,
because TEG is relatively insensitive to fibrinolysis,
these results need confirmation through the use of
more specific fibrinolysis assays.

Many clinicians still consider patients with cirrho-
sis to be at high risk of bleeding simply because they
have prolongation of the INR or low platelet count. In
fact, an indiscriminate use of blood products directed
to correct standard coagulation tests is frequently seen
in these patients.*? This behavior is not only asso-
ciated with increased costs and unnecessary transfu-
sions, but can also potentially harm patients.(42) In our
study, in line with recent data from a European sur-
vey on blood product use in patients with cirrhosis,(41)
approximately 1 of 3 patients undergoing procedures
received preprocedural prophylaxis.
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However, it is now clear that patients with cir-
rhosis, particularly those who are decompensated,
have a rebalanced hemostatic system that is not
appropriately assessed by conventional coagulation
parameters.”1%13) Consistent with previous data,
in our cohort, INR and platelet count were com-
parable between patients who had a procedure-re-
lated bleeding and those who did not, none of the
3 patients with major bleeding had a severe coagula-
tion derangement as defined by standard parameters
(i.e., INR = 2.5 or platelet count < 50 x 10°/L), and
a platelet count < 50 x 10”/L (severe thrombocyto-
penia) could not discriminate between patients who
had a procedure-related bleeding (minor or major)
and those who did not. This further confirms, in
patients with cirrhosis, that alterations in INR and/
or platelet count alone do not predict bleeding risk
and should not dictate whether a procedure can be
safely performed or whether blood product prophy-
laxis is indicated.

Previous estimates of postparacentesis bleeding
risk in patients with cirrhosis have ranged from 0%
to 3%.1°%) Bleeding risk appears to be higher in more
advanced patients (Child C vs. Child A; hospitalized
vs. outpatient)™™® and in those with renal dysfunc-
tion at time of paracentesis.(4’43’44). In patients who
experience intraperitoneal bleeding, mortality ranges
between 0% and 83%,(4) likely due to different
severity of bleeding complications and/or underlying
liver disease.

In our cohort of hospitalized patients with decom-
pensated cirrhosis and multiple risk factors for bleed-
ing, including bacterial infections™® and AKIL,**4¥
2 of 72 patients experienced a fatal bleed following
a procedure. Both patients had a procedure defined
as being “low-risk” (large volume paracentesis under
ultrasound guidance), and both had received prepro-
cedural prophylaxis with fresh frozen plasma. This
again shows that administration of plasma before
procedures in patients with cirrhosis does not pre-
vent bleeding, and is further consistent with studies
demonstrating that plasma improves neither throm-
bin-generating capacity(46) nor stability of the clot.*”
This also suggests that the need and type of preproce-
dural prophylaxis depends not only on procedure risk
(high vs. low risk procedures), but also on individual
patient risk factors such as decompensation, infection,
and AKL®* ) which would warrant further test-
ing such as TEG.
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The main limitation of our study is the small num-
ber of patients who developed significant postproce-
dural bleeding. The strength of our protocol is that
patients were carefully recruited and prospectively fol-
lowed for outcomes. Thus, if validated in larger cohorts,
our finding of TEG maximum amplitude < 30 mm as
a discriminator between major and minor/no bleed-
ing in patients with decompensated cirrhosis could
be useful to identify those in whom preprocedure
transfusion of platelets or fibrinogen would be war-
ranted. However, before this can be recommended,
large prospective studies with bleeding as the clinical
endpoint are required to establish whether correction
of hemostatic abnormalities actually reduces bleed-
ing risk in patients with decompensated cirrhosis.”)
Another study caveat is that, although TEG provides
robust data on clot formation and stability, it is rela-
tively insensitive to hyperfibrinolysis and to increased
levels of von Willebrand factor, and does not assess
the protein C pathway. Still, we specifically used TEG
because of its very easy, real-time use as well as its
standardized interpretation, as noted in studies in
which TEG guides blood product use.?2?

In conclusion, in a prospective study of hospitalized
patients with decompensated cirrhosis, we show that
TEG parameters associated with hypocoagulability
appear to predict procedure-related bleeding, particu-
larly a TEG maximum amplitude < 30 mm.

If these results are validated in a larger cohort,
this could become a threshold to identify patients
with decompensated cirrhosis at higher risk for
procedure-related bleeding in whom to consider blood
product transfusions (fibrinogen and platelets) before
invasive procedures. Large prospective studies are war-
ranted to evaluate whether the improvement (or normal-
ization) of TEG maximum amplitude correlates with
reducing the risk of bleeding in patients with decom-
pensated cirrhosis undergoing invasive procedures.
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