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Abstract

Background and Aims: Patients with cirrhosis and acute-
on-chronic liver failure (ACLF) may have bleeding complica-
tions and need for invasive procedures. Point-of-care (POC)
coagulation tests like thromboelastography (TEG) and So-
noclot may be better for guiding patient management than
the standard coagulation tests (SCTs), like prothrombin time,
platelet count and international normalized ratio. Methods:
We prospectively compared and validated the POC tests and
SCTs in 70 persons with ACLF and 72 persons with decom-
pensated cirrhosis who had clinical bleeding and checked for
episodes of re-bleeding and transfusion requirements. We
assessed pre-procedure requirement of blood components
when correction was done based on an SCT or POC strategy.
Results: Episodes of bleeding were seen in 45% and 28% of
ACLF and cirrhosis patient, respectively (p=0.036), with the
major site of bleeding being gastrointestinal (31% and 16%,
respectively). Platelet counts correlated with TEG-maximum
amplitude in cirrhosis (p=0.045) and prothrombin time cor-
related positively with TEG-reaction (R) time (p=0.032),
TEG-Clot kinetics (K) time (p=0.042), Son-activated clot-
ting time (p=0.038) and negatively with clot rate (p=0.043)
in ACLF, making these correctable target variables in POC
transfusion algorithms. Of 223 procedures, transfusion of
fresh frozen plasma and platelet concentrate was reduced
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by 25% (p=0.035) and 20.8% (p=0.045) by using a POC
strategy in 76 patients. Correction of deranged Son-activated
clotting time and TEG-reaction time was noted in 68% and
72% after 24 h of fresh frozen plasma transfusion in ACLF
and 85% and 80% in cirrhosis, respectively. Conclusions:
Our study clinically validates that POC tests can better detect
coagulation defects and transfusion thresholds in ACLF and
cirrhosis, whereas use of conventional tests appear to be less
suitable in patients with clinical bleeding. Trial Registra-
tion: NCT04332484.
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Introduction

Standard coagulation tests (SCTs) like prothrombin time
(PT), international normalized ratio (INR), activated partial
thromboplastin time (aPTT) and platelet count have been
traditionally used to assess the hemostatic system in pa-
tients with cirrhosis of liver and acute-on-chronic liver failure
(ACLF). However, these may not be accurate in cirrhosis,
as there is deficiency of both pro-coagulants and anti-co-
agulants. Point-of-care (POC) viscoelastic coagulation de-
vices, including those for thromboelastography (TEG) and
the rotational thromboelastometer (ROTEM) and Sonoclot,
are now being used increasingly for perioperative monitor-
ing and for guiding blood component transfusion in patients
with ACLF, variceal bleeding, or those undergoing liver trans-
plantation. Fisher et al.! showed lower thrombin generation
potential in ACLF compared to cirrhosis with acute decom-
pensation. Studies in ACLF patients have also shown that
viscoelastic tests may guide coagulation factor replacement
effectively.23 We previously described the dynamic changes
in specific coagulation factors, like Factor VIII, von-Wille-
brand factor (VWF), protein C and antithrombin III, in addi-
tion to standard coagulation tests (SCTs) and TEG in relation
to presence of sepsis/ SIRS and bleeding events in ACLF.#
Algorithms for management of peri-transplant coagu-
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lopathy and blood component transfusion have been de-
scribed.> These instruments are based on similar principles
and provide a graphical output depicting various facets of
coagulation, like platelet function, clot initiation, stability,
and lysis. However, it is still not clear whether TEG and So-
noclot provide identical information. In this study, we aimed
to clinically validate and compare the results obtained from
TEG and Sonoclot instruments, and whether these corre-
lated with SCTs in ACLF and cirrhosis.

Methods

This was a prospective observational study conducted at the
Department of Hepatology, Postgraduate Institute of Medical
Education and Research, Chandigarh, India between Janu-
ary 2018 and February 2020. Consecutive patients with ACLF
(n=70) and cirrhosis (n=72) of any etiology, aged between
18 and 65 years of either sex were recruited. The exclusion
criteria were blood or blood component transfusion in the last
2 weeks, human immunodeficiency virus infection, anti-plate-
let, anticoagulant or anti-fibrinolytic therapy, dialysis, preg-
nancy, active malignancy in the last 5 years, chronic heart
failure, chronic pulmonary or end-stage renal disease. All pa-
tients were enrolled after providing written informed consent,
and the protocol was performed in accordance with the Dec-
laration of Helsinki. Ethical clearance was obtained from the
Postgraduate Institute of Medical Education and Research In-
stitutional Ethics Committee (IEC/NK 5412/Study/586, dated
13/8/2019). The trial was registered at NCT04332484, avail-
able at https://clinicaltrials.gov/ct2/show/NCT04332484.
All authors had access to study data and approved the final
manuscript. The primary objective was to clinically validate
the results of TEG and Sonoclot instruments in patients with
cirrhosis and ACLF, and whether a POC- versus SCT-based
strategy resulted in different transfusion volumes of platelet
concentrate and fresh frozen plasma (FFP).

Definitions

ACLF was defined as a syndrome that defines a subgroup
of cirrhotic patients who develop organ failure with or with-
out an identifiable precipitating event and have increased
mortality rates in concordance with criteria reported in the
CANONIC study.®

Systemic inflammatory response syndrome and sepsis
(life-threatening organ dysfunction caused by a dysregulated
host response to infection) was defined as per the Third In-
ternational Consensus Definitions for Sepsis and Septic Shock
(Sepsis-3).7 The presence of sepsis was assessed by various
cultures, detection of C-reactive protein and procalcitonin, or
findings of new infiltrates on chest radiographs. Major bleed-
ing was defined according to the International Society on
Thrombosis and Hemostasis® as fatal bleeding, symptomatic
bleeding in a critical area/organ (intracranial, intraspinal, in-
traocular, retroperitoneal, intra-articular or pericardial or in-
tramuscular with compartment syndrome) and/or causing a
fall in hemoglobin by >2 g/dL or requiring transfusion of >2
U of packed red cells. Assay validation was defined as docu-
mented control of the test performance according to prede-
fined criteria relating to precision, linearity, accuracy, robust-
ness, or measurement limits. Clinical validation of an assay
requires the assessment of relevance of the test to clinical
practice. Key considerations include comparabilityof results
with previous results and evaluating effects of factors that
may be encountered in clinical practice (e.g., variations in
patient characteristics).%10 Follow-up of enrolled patients for
episodes of bleeding, sepsis events, procedures and transfu-
sions were carried out until 28 days or death.

Procedure risk in cirrhosis and ACLF

Procedure-related bleeding is common in cirrhosis patients
but estimates of incidence vary widely. Intagliata et al.l1
classified the risk of invasive procedures in liver disease
with examples of high risk (cardiac, thoracic, intracranial
surgery, etc.), intermediate risk (lumbar puncture, percuta-
neous or trans-jugular liver biopsy, trans-arterial emboliza-
tion procedures, etc.) and low risk (paracentesis, thoracen-
tesis, central line, etc.).

Transfusion strategy

Royston and von Kier developed the use of TEG in 60 pa-
tients undergoing complex cardiac surgery and compared
the actual use of blood and blood components during car-
diac surgery.12 Spalding et al.'3 and Gorlinger et al.14 de-
vised algorithms based on thromboelastometry according
to the same principle. We have modified the concept for our
patients with liver disease to predict the requirement of FFP
and platelets using a TEG-based algorithm (Table 1).

Standard medical therapy

Standard medical therapy included nutritional intervention,
antibiotics, albumin infusion, diuretics, and vitamin supple-
ments. Administration of blood components was limited to
patients with active bleeding, and prophylactic transfusions
were not performed. Prognostic scores like the model for
end-stage liver disease (MELD) and chronic liver failure-se-
quential organ failure assessment (CLIF-SOFA) were used
for assessment of severity of ACLF.15.16

Outcome measures

The main objective of the project was to evaluate the rela-
tionships of individual variables of the POC tests (activat-
ed clotting time (ACT), reaction time (R) and clot kinet-
ics (K) time for clotting initiation) with the corresponding
elements of serial SCTs (PT and aPTT). Platelet count and
fibrinogen level was compared with clot rate (CR), maxi-
mum amplitude (MA), and a angle of the POC tests (Sup-
plementary Table 1). We evaluated the ability of viscoe-
lastic tests to predict spontaneous or procedure-related
bleeding. We also studied the change in global coagulation
tests (GCT) and SCT parameters over time and assessed
correction with intervention. Since coagulation failure is
associated with bleeding and sepsis, we also assessed the
association of GCT variables, clinical events, and mortal-
ity in this large prospective cohort of patients. We also
assessed the current practice of prophylactic FFP and
platelet transfusion on the perceived risk of procedure-
related bleeding and assessed transfusion requirements
using an SCT correction or POC-based strategy. Lastly,
we assessed whether any derangement in the SCT or GCT
values at baseline could predict mortality in this large pro-
spective cohort.

Sample size

Sample size was estimated using the G*Power program. As-
suming incidence of coagulation defect in cirrhosis to be
10% and in ACLF to be increased by additional 20%,17 a to-
tal sample size of 60 patients would be required with an ef-
fect size of 0.5, alpha of 0.05, and power of 0.85. Therefore,
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Table 1. Prophylactic transfusion thresholds for patients administered FFP or platelets based on perceived risk of interventions

212

223
Number of procedures

100
49

All procedures, n=

FFP given, n (%)

0 (0)

56

Number of procedures

25

High risk procedures, n=

FFP given, n (%)

167
0 (0)

FFP given, n (%) Number of procedures

0 (0)

Low risk procedures, n

Pre-procedure INR

<1.5

75

6 (10)

20

4 (12.9)
24 (77.4)
3 (9.67)

29
18
45

2 (6.89)

1.6-1.7
1.8-2.0

>2.0

26
48

32 (53.33)
22 (36.67)

0

8 (27.58)

19 (65.51)

Not checked

Total

223

60

56

31

167

29

Number of procedures

Platelets

Number of procedures

Platelets

Number of procedures

Platelets given,

n (%)

Pre-procedure platelet
count asx10%/L

given, n (%)

48 (90.5)
4 (7.54)
1 (1.88)

given, n (%)

20 (80)
3 (12)
1 (4)
1(4)

0 (0)

100
49

25

28 (96.55)
1 (3.45)

0 (0)

0 (0)

0 (0)

<50

20

29
18

50-69
70-99
=100

26
48

45

Not checked

Total

223

53

56

25 (100)

167

29 (100)
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70 patients each with ACLF and cirrhosis were recruited to
account for 10% attrition.

Assessment of coagulation parameters

Blood samples for assessment of complete blood count, PT,
INR, aPTT, D-dimer and fibrinogen (Supplementary materi-
als) and the viscoelastic tests of TEG and Sonoclot were col-
lected at presentation and 72 h later. The need for repeat
testing was to assess correction of the coagulation defect af-
ter the first intervention. In case of clinically evident bleeding,
POC tests were repeated to check for changes. No patient re-
ceived drugs that could potentially alter coagulation results,
such as anticoagulants or antiplatelet agents. The standard
antibiotic started was ceftriaxone or piperacillin-tazobactam.
All coagulation tests were performed by the same techni-
cian and all Sonoclot and TEG tracings were interpreted by a
single investigator (MP). The operating principles of TEG and
Sonoclot analyzer are described in the Supplementary Table
1, with nomenclature of different TEG/Sonoclot variables.

Statement of ethics

All patients were enrolled after providing written informed
consent, and the protocol was performed in accordance with
the Declaration of Helsinki. Ethical clearance was obtained
from the Postgraduate Institute of Medical Education and
Research Institutional Ethics Committee (IEC/NK 5412/
Study/586, dated 13/8/2019).

Statistical methods

Descriptive statistics were presented as mean + standard
deviation and median with inter-quartile range. Compara-
tive analysis was done by Student’s t-test/Mann-Whitney
U test for continuous and Chi-square/Fisher’s exact test for
qualitative variables. Repeated measures analysis of vari-
ance (ANOVA) was used for analysis of changes in continu-
ous variables by time. If necessary, logarithmic, or rank
transformation was performed to obtain a good model fit.
Linear correlations were evaluated by Pearson’s coefficient
of correlation. A p-value of <0.05 was considered statisti-
cally significant. Logistic-regression analysis was performed
for predictors of 28-day mortality. Adjusted hazard ratios
(HRs) and 95% confidence intervals (CIs) were computed
to estimate the association of each predictor to clinical
event/death. Statistical analysis was performed using SPSS
for Windows, version 16.0 (SPSS Inc. Chicago, IL, USA).

Results

One hundred sixty-five eligible patients with liver disease
were screened; of them, 23 were excluded (Fig. 1). Finally,
72 patients with decompensated cirrhosis and 70 with ACLF
were enrolled. Patient demographics, clinical and laboratory
data are presented in Table 2. Results of the POC tests at
two time points are shown in Supplementary Table 2. Of
the analyzed SCTs, repeated 72 h apart, only platelet count
(p=0.042) and fibrinogen (p=0.037) values differed signifi-
cantly with time and none correlated with clinical bleeding.
There were significant changes for TEG variables R, K, alpha
(clot rate) and MA (clot strength) at the two time points,
indicating the dynamic nature of the coagulation milieu. For
Sonoclot, only Son-ACT values differed significantly with
time, especially in those with clinical bleeding.
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screened

165 patients with Cirrhosis/ACLF

Comparison Standard — 25
Healthy Controls

A

23 patients excluded —
® 8 received blood transfusion

® 7 were on Antiplatelet drugs

\4

\ 4

® 4 had refractory shock

® 2 had chronic kidney disease

e 2 refused to give consent

142 patients recruited

A 4

A 4

72 Patients of Decompensated Cirrhosis 70 Patients of ACLF

Standard Coagulation Tests, Sonoclot and TEG done at admission and 72 hours

A 4

Analysed

Fig. 1. Study participant enroliment flowchart.

Correlations of POC tests and SCTs

We performed multiple correlations between individual co-
agulation variables between POCs and SCTs to test plausi-
bility based on the stage of coagulation (Table 3). Fig. 2A
shows the TEG curve, with the stages of coagulation and the
SCTs and TEG variables associated with defects at each step
of clotting. Even though both TEG-alpha (r=0.76, p=0.048)
and -K time (r=-0.65, p=0.050) were correlated to fibrino-
gen, in ACLF, only TEG-K was correlated to prediction of
clinically evident bleeding (r=0.73, p=0.040). TEG-alpha
and Sonoclot CR were the only variables that correlated
with fibrinogen at all time points in ACLF.

Platelet counts correlated with TEG-MA in cirrhosis
(p=0.045) but not in ACLF. PT correlated positively with
TEG-R (p=0.032), TEG-K time (p=0.042) and Son-ACT
(p=0.038), and negatively with CR (p=0.043) in ACLF but

not in cirrhosis, making it useful as a correctable target vari-
able in POC transfusion algorithms. The only correlations
with aPTT were with Son-ACT (p=0.027) and CR (p=0.043)
in ACLF. Fig. 2B shows the Sonoclot signature and the corre-
sponding SCTs used to detect the defect at each stage of co-
agulation. The TEG-R (p=0.032) and TEG-K (p=0.040) times
correlated with Son-ACT in ACLF but, in cirrhosis, only the K
time correlated with ACT (p=0.052). Overall, the TEG-MA,
CR and platelet function did not show a direct correlation with
each other, even when done simultaneously.

Clinical presentation of bleeding and thromboses in
ACLF and cirrhosis

Bleeding episodes were seen in 45% and 28% of patients in
ACLF and cirrhosis, respectively (p=0.036). The most com-
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Table 3. Correlations between SCTs and POCs

Conventional tests ACLF Cirrhosis
r value p value r value p value
Platelet count TEG-MA 0.64 0.073 0.76 0.045
Sonoclot platelet function 0.73 0.052 0.75 0.06
PT TEG-R time 0.81 0.032 0.66 0.083
TEG-K time 0.79 0.042 0.72 0.057
Son-ACT 0.8 0.038 0.67 0.076
CR —-0.65 0.043 —-0.54 0.058
aPTT TEG-R time 0.76 0.078 0.72 0.057
Son-ACT 0.81 0.027 0.61 0.076
CR -0.7 0.043 -0.55 0.058
Fibrinogen TEG-alpha 0.76 0.048 0.72 0.076
TEG-K time —-0.65 0.050 -0.70 0.037
TEG-MA 0.6 0.069 0.58 0.089
CR -0.65 0.043 -0.54 0.058
Viscoelastic tests

TEG-R time Son-ACT 0.81 0.032 0.66 0.083
TEG-K time Son-ACT 0.76 0.04 0.72 0.052
TEG-MA Sonoclot platelet function 0.67 0.076 0.66 0.085
TEG-MA CR 0.78 0.031 0.61 0.076
TEG-alpha CR 0.72 0.067 0.62 0.071
TEG-MA Platelet function 0.6 0.072 0.59 0.073

mon sites of minor bleeding were cutaneous ecchymoses
(45% and 18%) and epistaxis (7% and 2.3%). The most
common site of major bleeding in ACLF and cirrhosis was
gastrointestinal (GI), at 31% and 16%, respectively. The GI
bleeding was variceal in 44.4% and 40.6% or diffuse portal
hypertensive gastropathy related in 55.5% and 59.3% in
ACLF and cirrhosis, respectively. Post-variceal ligation ulcer

bleeds (5.4%) were rare but severe, with a high re-bleeding
rate and mortality. Spontaneous or iatrogenic hematomas
(6.5%) and hemoperitoneum (3.4%) were the other bleed-
ing sites. Thrombosis was observed in four patients with
cirrhosis (one deep vein thrombosis, two portal vein, throm-
bosis, one superior mesenteric vein thrombosis). Clotting of
central lines was noted in 14 subjects, but none was attrib-

A B 125
—[Cirormaten Fibrinolysis —
100
75
Maximum g
Amplitude k=
(2]
Platelet Function 6 50
G S Peak.
amplitude
25 CR
H Platelet Count
Pt Fibrinogen
Clot Formation Clot Retraction Thrombolysis ACT
Clot Initiation Kinetics Fibrinogen Clot Stability TEG Variable 0
ps ion Factors C ion Factors Clot Breakdown 0 5 10 15 20 25 30
Fibrin polymers, SCT A
Platelets (mln)

R= Reaction time to first Clot Formation
K= Fibrin cross linkage
o Angle= Fibrinogen function

G= MA converted to kdynes/cm?
Ly30=Lysis 30 minutes after MA reached

MA (mm)= clot strength, reflects platelet function and number

ACT: Activated Clotting Time

. o . PT: Prothrombin Time (seconds)
R1: C.R or Clot Ratg (UI’!ItS per minute) ! :  ZPTT: Activated partial
R2: Time to peak (in minutes)and Peak Amplitude (in units) Thromboplastin Time (Seconds)
R3: Determinant of Platelet Function (PF)

Fig. 2. Correlations of POC tests and SCTs. (A) TEG trace showing the stages of coagulation with corresponding standard coagulation tests. (B) Sonoclot signature
showing the phases of clot formation and retraction, with corresponding standard coagulation tests.
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Table 4. TEG-based transfusion algorithm at our center based on the method by Royston and von Kier12

TEG variable Implication Therapy
R>14 and <21 mm | Clotting factors Two FFPs
R>21 and <28 mm 1| Clotting factors Four FFPs

R>28 mm 11} Clotting factors
MA <48 mm 1| Platelet number/function
MA <40 mm 1| Platelet number/function

Lys30 >7.5% Increased lysis

Six to eight FFPs

One SDP or four RDPCs

Two SDPs or six to eight RDPCs
Tranexamic acid

Abbreviations: RDPC, random donor platelet concentrate; SDP, single-donor platelet.

utable to a hypercoagulable TEG/Sonoclot.
Bleeding, sepsis, and coagulation failure

Baseline SCTs were similar in patients with and without
bleeding episodes. Also, the viscoelastic test values in cir-
rhosis did not differ much in patients who presented with
a bleed and in those who did not. However, deranged TEG-
R time at baseline was a predictor of bleeding [hazard ra-
tio (HR) of 1.8; 95% confidence interval (CI) of 1.5-4.9,
p=0.040) in ACLF. Overall, TEG-K time >9 m (HR of 1.3;
95% CI of 1.1-4.9, p=0.039), lysis >10% (HR of 1.9; 95%
CI of 1.2-2.9, p=0.040) and MA<18mm (HR of 1.2; 95%
CI of 1.1-3.5, p=0.034) predicted a major bleeding event.
About 34% and 50% of patients with cirrhosis and ACLF
respectively had sepsis at presentation. The sites of sepsis
were spontaneous bacterial peritonitis (43%), pneumonia
(24%), urinary tract infection (8%), and skin and soft tissue
infection (3%). The presence of sepsis at baseline was as-
sociated with increased risk of a bleeding event in cirrhosis
(HR of 1.2; 95% CI of 1.1-4.9, p=0.052) and ACLF (HR of
1.8; 95% CI of 1.5-9.1 p=0.040). Prolongation of the Son-
ACT was observed in ACLF with sepsis at presentation (HR
of 1.3; 95% CI of 1.1-7.6, p=0.043) when compared to
ACLF without sepsis. There were no significant differences in
CR, peak amplitude, or time to peak amplitude, with obvi-
ous trends related to sepsis. Supplementary Table 2 shows
that in the absence of a new bleeding, thrombosis, or sepsis
event, the GCT remained the same. Therefore, the GCT is a
POC individualized test, should be compared in an individual
patient for change with respect to baseline, and no absolute
cut-offs can be given for the cirrhosis or ACLF population.

Transfusion thresholds for coagulation correction

Packed red cells were transfused when hemoglobin concentra-
tion was <7g/dL in a setting of clinical bleeding. We assessed
the requirement for blood components pre-procedure when
correction of a coagulation defect was done using a strategy
based on SCTs versus POC. The correction was done based
on SCTs, POCs or both, as per the discretion of the treating
clinician. Table 4 shows the TEG-based transfusion algorithm
followed at our center.12:14 A total of 223 procedures were in-
cluded, which were divided into low-risk and high-risk (Table
1). Patients with major bleeding were transfused with red cell
concentrates (median of 2.3; 2-6 U), platelet concentrates
(2.4; 0-4 U) and FFP (3.5; 3-6 U) at the discretion of the
clinician in consultation with surgical teams. An INR<1.5 and
platelet count=70x10%/L did not merit prophylactic transfu-
sion in low-risk procedures and INR>1.8 and platelet count
<50x109/L were all transfused. However, compliance with
the POC algorithm was erratic. Of the 223 procedures, only
76 were treated as per the POC strategy. Median transfu-

sion of FFP and platelet concentrate was reduced by 25% and
20.8% by using a POC strategy in cirrhosis. Only two patients
developed transfusion-related acute lung injury (referred to
as TRALI) after platelet transfusion in ACLF. Since the volume
of products was minimized, we did not observe any transfu-
sion related circulatory overload (referred to as TACO).

Eighteen patients received tranexamic acid post-endos-
copy. Tranexamic acid was given when clot lysis was >5% in
patients with bleeding. Correction of deranged Son-ACT and
TEG-R time after 24 h was noted in 68% and 72% after 24
h of FFP transfusion in ACLF and 85% and 80% in cirrhosis,
respectively.

Predictors of all-cause mortality in ACLF

None of the patients with cirrhosis died. Of the 14 (19.4%)
deaths among the ACLF patients, causes of 28-day mortality
included sepsis (57.1%), progressive liver failure (28.5%),
and refractory variceal bleeding (14.3%). On univariate
analysis, baseline model for end-stage liver disease-sodium
(MELD-Na) >26 (HR of 6.7; 95% CI of 2.1-10.3, p=0.027),
INR>2.6 (HR of 2.3; 95% CI of 1.8-8.5, p=0.010), CLIF-SO-
FA score >10.5 (HR 2.4; 95% CI of 1.4-6.1, p=0.038), clot
lysis on TEG>10% (HR of 2.2; 95% CI of 1.9-3.4, p=0.033),
and Sonoclot CR<15 (HR of 2.8; 95% CI of 1.1-4.5,
p=0.044) predicted mortality in ACLF. However, on multivari-
ate analysis, only MELD-Na (HR of 2.2; p=0.041), INR (HR
of 1.9; p=0.039) and CLIF-SOFA score (HR of 1.2; p=0.040)
predicted mortality (Table 5). Cox proportional HR for TEG
and Sonoclot parameters served as predictors of mortality at
28 days in ACLF across two models with adjustment for age
and baseline MELD. Derangement in four or five TEG param-
eters independently predicted mortality (Table 6).

Discussion

POC viscoelastic tests demonstrate specific functional co-
agulation defects that can direct blood component trans-
fusion therapy in ACLF/cirrhosis, with clinical validation of
individual parameters. This study clinically validates the use
of two POC tests when done sequentially in cirrhosis and
ACLF to estimate hypo- or hypercoagulability of any given
patient. Secondly, our data suggest that the POC tests can
be used to prevent unnecessary prophylactic transfusions
if they demonstrate preserved global coagulation. Conven-
tional practice of using target PT or platelet count correc-
tion for pre-procedure prophylaxis (i.e., correction of plate-
let counts or INR to an absolute value) has no evidence to
support it. Our study demonstrates that the main utility of
POCs is that they detect the defect in a stage of the co-
agulation and clot retraction process and, therefore, give
a better actionable target for components like cryoprecipi-
tate, platelets, FFP or antifibrinolytic drugs, like tranexamic
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Table 5. Predictors of mortality in ACLF based on coagulation tests and severity scores

Univariate analysis

Multivariate analysis

Variable Cut-off at baseline

HR 959% CI p value HR 959% CI p value
MELD-Na >26 6.7 2.1-10.3 0.027 2.2 1.2-7.1 0.041
INR >2.6 2.3 1.8-8.5 0.010 1.9 1.2-4.3 0.039
CLIF-SOFA score >10.5 2.4 1.4-6.1 0.038 1.2 1.1-5.5 0.040
Clot lysis, TEG >10% 2.2 1.9-3.4 0.033
CR < 15 2.8 1.1-4.5 0.044

acid. There was minimal comparability in the POC test and
SCT variables, like INR or platelet count, suggesting that we
need to re-evaluate the practice of pre-procedure correction
of coagulation defects, and dose of blood components in
patients with bleeding and ACLF.

Use of POCs for patients with bleeding

A POC test should be sensitive enough to indicate altera-
tions in hemostasis in a timely fashion, with data at the time
of bleeding being most relevant. We demonstrated correc-
tion of Son-ACT and TEG-R time in 68% and 72% after 24
h of FFP transfusion in ACLF and 85% and 80% in cirrhosis,
respectively. Initial parameters like R and K times and alpha
angle in TEG and ACT in Sonoclot can guide the use of FFP.
These parameters are recorded in about 10-15 m and use
of platelets (MA or platelet function) can be assessed in
30-40 m and data for use of fibrinolytics (lysis) is available
in 30-60 m. These data suggest that the POC tests could
better guide the transfusion protocol for bleeding patients
and prophylactic transfusions and a corrected POC might
be a better target than a corrected SCT, like INR or platelet
count, which did not change much in serial tests.

Appraisal of POC tests: TEG and Sonoclot

Previous studies demonstrating interchangeability between
TEG and thromboelastometry have been reported.!8-20 We
suggest comparing individual parameters of these tests is

futile even if they correspond to the same step in the co-
agulation cascade, as they are based on different estima-
tion techniques (Tables 3 and 4). The same test, when used
sequentially provides better information regarding adequa-
cy of coagulation correction. Correction of ACT or R and K
times after transfusion or resolution of sepsis is of greater
significance than an individual parameter’s numerical value.
Structural differences in these POC tests, as highlighted in
the supplementary materials, may explain divergent results
obtained from the two instruments used in our study and in
those by other authors.21-24 TEG and Sonoclot may be equal-
ly useful to quantify changes in fibrinogen, consistent with
previous studies.18:25

Comparison of POC tests and SCTs

Although we tried to find correlations between individual
components of the POCs with corresponding SCTs in the co-
agulation cascade, we found little association. No correla-
tions were found between INR and the TEG variable R or
Sonoclot ACT, even though they all measure the time to the
first fibrin formation. However, TEG-R time, TEG-K time and
Son-ACT correlated with PT in ACLF. The reason for this dis-
crepancy might be the different activators used, kaolin for
TEG and tissue factor for INR. Sonoclot variables ACT and CR
correlated significantly with aPTT. This is expected, as aPTT is
usually prolonged in hypo-coagulable states, where a low CR
can be found. Comparison of magnitude of the coagulation
defect between two patients using numerical values of the
component results is also fallacious. Rather, serial compari-
son of dynamic POC changes in the same patient makes clini-

Table 6. Cox proportional HR models for TEG and Sonoclot parameters as predictors of mortality at 28 days in ACLF across two models with different

levels of adjustment

Multivariate HR (95% CI)

Model 1°* P value Model 2* P value

Number of TEG parameters deranged

*None/1 parameter 1.0 (reference) 1.0 (reference)

2 1.2 (0.9-3.98) 0.096 - -

3 2.1 (2.2-4.3) 0.043 - —

4 2.7 (1.9-6.3) 0.031 1.26 (1.38-2.17) 0.044

5 2.2 (1.8-7.4) 0.018 1.22 (1.32-1.54) 0.040
Number of Sonoclot parameters deranged

*None/1 parameter 1.0 (reference) 1.0 (reference)

2 1.1 (0.6-1.98) 0.080 - -

3 1.3 (1.2-4.3) 0.070 - —

*Model 1adjusted for age.
*Model 2, adjusted as Model 1, and baseline MELD.
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cal sense. Although viscoelastic tests are not perfect, they
are the best currently available tests for determination of
coagulation status. They certainly perform better objectively
in patients with clinical bleeding than the SCTs like aPTT, PT,
fibrinogen, platelet count, and INR. Since we have demon-
strated a reduction in transfusions and reduced the number
of additional coagulation tests, replacing it with a POC strat-
egy, our costs have reduced, and transfusion-related adverse
events like TRALI and TACO have been minimized. No POC
tests showed correlations with platelet counts at the same
time points. Thus, the use of MA/platelet function in POC
tests is more clinically relevant than platelet count.

Our study was not designed to investigate clinical out-
comes in relation to POC tests, which would require a much
larger patient population with more frequent measurement
of variables. The main limitation was difficulty performing the
POC tests at the exact time of bleeding. The way to overcome
this limitation will be to adopt use of GCTs in our Intensive
Care Units in the same way that it is currently being used
in the transplantation operating rooms. At our center, we
have adopted a viscoelastic test as the standard algorithm,
gradually replacing the use of platelet count or INR to guide
blood transfusion for pre-procedure prophylaxis for invasive
procedures or for coagulopathy-related GI re-bleeding. Our
results are consistent with previous studies that separately
evaluated TEG and Sonoclot in cardiac surgery.26:27 Although
transfusion of FFP and platelet concentrate in our Intensive
Care Unit was reduced by 25% and 20.8% by using a POC
strategy in cirrhosis, the agreement for the raised transfu-
sion threshold for primary prophylaxis prior to invasive pro-
cedures was difficult, as interventional radiologists and sur-
geons remained skeptical. Ideally, GCTs should be repeatedly
only when a new bleeding or clotting event occurs, or correc-
tion of coagulopathy is required (as is clear from the results
of our study). Secondly, since individual baseline TEG and
Sonoclot parameters did not correlate with survival, there
is no need to repeat a TEG or Sonoclot assessment, unless
an elective procedure is contemplated or there is a bleeding
diathesis or thrombosis event. A GCT is a useful indicator of
the coagulation defect in a patient who is bleeding and will
indicate the appropriate correction. It should not be used as
a predictor of bleeding in an individual case but should be
done as a reliable test to define the need for blood products
in a patient with bleeding or new thrombosis.

MELD-Na, INR, CLIF-SOFA score, and derangement of four
or five TEG variables predicted mortality. Though a greater
number of abnormal parameters on a GCT may predict in-
creased likelihood of mortality, these are dynamic tests, and
a single cut-off does not carry any relevance as a predictor
of mortality.28

Until better standardization in liver disease is possible
and knowledge about factors affecting POCs is increased,
SCTs and POCs will remain complimentary for assessment
of hemostasis.2® Our study supports the use of POC tests to
guide clinicians in the choice of blood products, contributing
to better transfusion management in ACLF and cirrhosis.
However, more studies are needed for safe POC algorithms
in patients with bleeding for correction of the coagulation
defect. If these GCTs replace use of ancillary tests like fi-
brinogen, D-dimer and aPTT and remain complementary to
platelet count and INR, then TEG and Sonoclot are more
cost effective than a SCT strategy. This is because a sin-
gle POC test gives the ACT or R and K times (indicating
coagulation factor deficiency, and guising FFP), the CR or
MA which guide use of platelets or cryoprecipitate and the
fibrinolys is guiding the use of tranexamic acid.

Conclusions

In conclusion, TEG and Sonoclot can be used to detect he-

mostatic defects and correction targets in ACLF and cirrho-
sis, whereas use of conventional tests like INR appears to
be less suitable, at least in patients with clinical bleeding.
It is not possible to match SCTs and variables from POC
tests, even though they apparently match the same stage
of coagulation. POC tests vary with time and can be normal-
ized after correction of sepsis or use of blood components,
unlike SCTs. Variables from TEG and Sonoclot provide more
actionable targets at the bedside than SCTs, including cor-
rection of platelet function and clot lysis. By reducing addi-
tional tests, and reducing transfusion of blood components,
the POC strategy is safer and more cost effective than an
SCT transfusion strategy. Further studies are necessary to
establish adequate reference values for patients with active
bleeding and to standardize these assays in ACLF to achieve
reliable results.
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