§ sciendo

The Journal of Critical Care Medicine 2018;4(3):90-95 RESEARCH ARTICLE

DOI: 10.2478/jccm-2018-0012

Effects of Fibrinogen Levels and Platelet
Counts on Viscoelastic Testing in Cirrhotic
Patients

Dana Tomescu®2, Mihai Popescu®.2*, Alexander Vitin3

1 “Carol Davila” University of Medicine and Pharmacy, Department of Anaesthesia and Critical Care Medicine,
Bucharest, Romania

2 Fundeni Clinical Institute, Anaesthesia and Critical Care Department Ill, Bucharest, Romania
3 Department of Anesthesiology & Pain, Medicine University of Washington Medical Center, Seattle WA, USA

ABSTRACT

Introduction. Cirrhotic patients have been considered for decades to have a pro-haemorrhagic pattern and were
treated as such based on the results from standard coagulation tests. The aim of our study was to determine the ef-

fects of platelet count and fibrinogen levels on rotational thromboelastometry (ROTEM) parameters.

Methods. We prospectively included 176 patients with End-Stage Liver Disease (ESLD) admitted to our Intensive Care
Unit prior to liver transplantation. Collected data consisted of severity scores, liver, renal and standard coagulation
tests, fibrinogen levels, platelet counts and ROTEM parameters. Four ROTEM assays were performed (EXTEM, INTEM,
ApTEM and FibTEM) and the following parameters included: CT — clotting time, CFT — clot formation time, MCF —
maximum clot firmness, ML — maximum lysis, alpha angle, TPl —thrombin potential index, MaxV - maximum velocity
of clot formation (MaxV), MaxVt - time to MaxV, MCE- maximum clot elasticity and AUC - area under the curve.

Results. Statistical analysis demonstrated a linear correlation between platelet counts and EXTEM TPI (R2 linear
=0.494), EXTEM MaxV (R2 linear =0.253), EXTEM MCE (R2 linear = 0.351) and EXTEM MCF (R2 cubic = 0.498). Fibrino-
gen levels correlated linearly with EXTEM MCF (R2 linear = 0.426), EXTEM TPI (R2 linear = 0.544), EXTEM MaxV (R2
linear = 0.332), EXTEM MCE (R2 linear = 0.395) and non-linearly with EXTEM CFT (R2 cubic = 0.475).

Conclusion. Fibrinogen levels and platelet counts had an important effect on both standard and derived ROTEM
parameters. Further analysis is required in order to determine clinically oriented cut-off values below which severe
coagulopathy would develop.
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B INTRODUCTION

For decades patients with End-Stage Liver Disease
(ESLD) have been considered be naturally anti-coag-
ulated and they were consecutively treated in order to
normalize standard coagulation tests. Recent studies
[1] have demonstrated a rebalanced haemostasis in
which pro-haemostatic and anti-haemostatic systems
complemented each other [2]. Moreover, many cir-
rhotic patients who suffered from thrombotic compli-
cations such as portal vein thrombosis could be attrib-

[3]. Because of these findings, the exact threshold for
blood products transfusion and administration of both
pro- and anti- coagulant therapies became a challenge
[4].

Rotational thromboelastometry (ROTEM) is cur-
rently consider the method of choice in guiding hae-
mostatic management in acute care settings in cirrhotic
patients [5]. Different algorithms have been developed
for the management of severe bleeding in liver trans-
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plantation [6] and variceal bleeding [7]. Despite this,
fine tuning of haemostasis in non-urgent situations re-
mains debatable.

The aim of the present study was to assess the im-
pact of fibrinogen levels and platelet count on ROTEM
parameters and to determine the cut-off value below
which severe coagulopathy develops.

B MATERIALS AND METHODS

The ethical approval for the present study was provided
by the Ethical Committee of Fundeni Clinical Institute,
Bucharest, Romania.

Patient inclusion

We prospectively included 260 patients with ESLD ad-
mitted to the Intensive Care Unit (ICU) prior to liver
transplantation between March 2013 and March 2016.
Exclusion criteria consisted of: age under 18 years, di-
agnosis of hepatocellular carcinoma, portal vein throm-
bosis, use of anticoagulant or anti-thrombotic therapy
within the last 7 days, use of pro-haemostatic therapy
within the last 7 days, systemic infection or sepsis and
splenectomy performed prior to inclusion.

Collected data

Patient demographic data, aetiology of liver disease,
severity scores (Model for End-Stage Liver Disease —
MELD and MELD-Sodium), liver function tests (total
bilirubin, conjugated bilirubin, serum transaminases),
renal function test (serum creatinine and urea), stand-
ard coagulation tests (Fibrinogen level, aPTT - activat-
ed partial thromboplastin time, PT- prothrombin time,
International Normalized Ratio - INR), ROTEM pa-
rameters, platelet count and spleen size were recorded.
All tests were performed from venous blood collected
by a single puncture needle system. Biochemical tests
(liver and renal functional tests), standard coagulation
tests and platelet count were performed in the central
laboratory in accordance with our institutional proto-
col. Fibrinogen levels were determined using the Claus
method. Spleen size was determined echographically
by a senior radiologist as the longest diameter between
the spleen poles.

ROTEM (ROTEM®, Tem Innovations GmbH, Ger-
many) assay was performed using whole blood (col-
lected on standard citrated tubes) as a point-of-care
test in the ICU. The following ROTEM tests were used:
ExTEM, InTEM, ApTEM, FibTEM and the following
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parameters were recorded: CT - clotting time, CFT -
clot formation time, MCF - maximum clot firmness,
ML - maximum lysis. Derived parameters were re-
corded from the ROTEM ExTEM assay: alpha angle,
TPI - thrombin potential index, MaxV - maximum ve-
locity of clot formation (MaxV), MaxVt - time to MaxV,
MCE- maximum clot elasticity and AUC - area under
the curve. Results were recorded after 10 minutes run-
ning time and at the end of the assay (one hour and 30
minutes). A graphic representation of the results was
printed, and a senior anaesthesiologist reviewed the re-
sults. If the results were considered inappropriate due
to external factors (e.g. machine malfunction), the test
was repeated.

Statistical analysis

Statistical analyses were performed using SPSS 19.0
(SPSS Inc®, Chicago, IL, USA). Data are presented as
mean =+ standard deviation of the mean, median (mini-
mum, maximum), otherwise percentage. Data distri-
bution was assessed in order to insure the proper statis-
tical examination. Categorical variables were analysed
with Chi-square test and quantitative data were ana-
lysed with independent samples t-test. Mann-Whitney
test was used when the analysed data did not follow
a normal distribution. All P values are two-tailed and
a P value of less than 0.05 was considered statistically
significant.

B RESULTS

After applying exclusion criteria, 176 patients were in-
cluded in the final analysis. Demographic data, ESLD
severity scores, spleen size and standard coagulation
tests are presented in table 1.

Thrombocytopenia was associated with higher
MELD scores (correlation coeflicient: -0.422, p=0.004)
and spleen size (correlation coeflicient: -443, p=0.003).
There was no statistically significant correlation be-
tween aetiology of liver disease and platelet count.

From the univariate analysis, platelet count correlat-
ed with EXTEM MCEF (p<0.01), EXTEM TPI (p<0.01),
EXTEM MaxV (p<0.01), EXTEM AUC (p=0.037) and
ExTEM MCE (p<0.01). Fibrinogen levels correlated
significantly with ExXTEM CFT (p=0.036), ExXTEM
MCF (p<0.01), EXTEM TPI (p<0.01), EXTEM MaxV
(p<0.01) and ExXTEM MCE (p<0.01). Except for a sig-
nificant linear correlation between fibrinogen levels
and FIbTEM MCF (p=0.01), no other significant cor-
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Table 1. Demographic data, severity scores and standard
coagulation tests of patients included

Parameter

Age (years) 50.5+12.5
Aetiology of liver disease

HBV liver cirrhosis 36.9 % (n=65)

HCV liver cirrhosis 34.2 % (n=60)

Alcoholic liver cirrhosis 28.9 % (n=51)
MELD score 193+6.1
MELD-sodium score 23.2+6.3
Spleen size (mm) 159+ 33
INR 1604
aPTT (sec) 39.2+10.5
PT (sec) 17.8+5.2
Fibrinogen (mg/dL) 184 + 97

Platelet count (/mm3) 91347 [12000- 434000]
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relations were found between either platelet count or
fibrinogen levels and INTEM or ApTEM parameters.

Further analysis revealed a linear correlation be-
tween platelet count and EXTEM TPI (R? linear
=0.494), EXTEM MaxV (R? linear =0.253), EXTEM
MCE (R?linear = 0.351) and EXTEM MCEF (R2 linear =
0.498) - Figure 1. Fibrinogen levels correlated linearly
with EXTEM MCEF (R? linear = 0.426), ExXTEM TPI (R2
linear = 0.544), EXTEM MaxV (R? linear = 0.332), Ex-
TEM MCE (R? linear = 0.395) and non-linearly with
ExTEM CFT (R? cubic = 0.475) - Figure 2.

For non-linear correlations, we determined a cut-off
value for fibrinogen of 200 mg /dL that corresponds
to an EXTEM CFT of 160 s and a maximum inflection
point for EXTEM CFT of 320 s that corresponds to a
fibrinogen level of 115 mg/dL. For platelet count we
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Fig. 1. Correlation between platelet count and ROTEM parameters: EXTEM TPI (A), EXTEM MaxV (B), EXTEM MCE (C) and

EXTEM MCF (D).
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Fig. 2. Correlation between fibrinogen levels and ROTEM parmeters: EXTEM MCF (A), EXTEM TPI (B), EXTEM MaxV (C),
EXTEM MCE (D) and EXTEM CFT (E).



94 « The Journal of Critical Care Medicine 2018;4(3)

determined a cut-off value of 23000/mm? that corre-
sponds to an EXTEM MCF of 72 mm and a maximum
inflection point for EXTEM MCF of 38 mm that cor-
responds to a platelet count of 57000/mm?.

H DISCUSSIONS

The main results of our study show that both platelet
counts and fibrinogen levels significantly impacted
whole blood haemostasis as assessed by ROTEM. We
found a linear correlation between platelet counts, fi-
brinogen levels, extrinsically activated thrombin po-
tential index, maximum clot velocity and maximum
clot elasticity. Moreover, we determined a cut-off value
of 200 mg/dL for fibrinogen and 57000/mm? for plate-
let counts below which coagulopathy developed and
another cut-off value of 115 mg/dL for fibrinogen and
23000/mm? below which severe coagulopathy devel-
oped.

The main disadvantage of our study is represented
by its observational nature. Although from a rational
point of view, the thresholds determined corresponded
to the development of coagulopathy we did not evalu-
ate their impact on blood loss or transfusion in acute
bleeding situations. Therefore, the exact clinical value
of our data must be further assessed in randomized
clinical trials.

In a study performed by Jeong et al. [8], the authors
demonstrated that maximum clot firmness could be
used for the prediction of intra-operative blood loss
in liver transplantation and recently Dotsch et al [9]
showed that FibTEM MCEF correlated significantly
with postoperative bleeding in liver transplantation.
Further studies demonstrated that fibrinogen levels but
not platelet counts correlated with excessive transfu-
sion [10]. On the other hand, Seo et al. [11] demon-
strated that FibTEM assay did not correlate with fibrin-
ogen levels in severe hypo-fibrinogenemia during liver
transplantation. Furthermore, Lentschener et al. [12]
stipulated that the use of viscoelastic testing in guiding
pro-haemostatic interventions could lead to unneces-
sary transfusion.

Our results show that both fibrinogen levels and
platelet counts had a significant impact on whole blood
coagulation. We found that as platelet counts fell in a
linear model below 57000/mm3, so did clot firmness,
elasticity and clot kinetics. At a platelet count below
23000/mm?3, blood viscosity was detrimentally affected
to a point that could not sustain clot formation.
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To our knowledge, few studies have shown the utility
of derived ROTEM parameters in assessing coagulation
kinetics. These parameters are beginning to be used in
septic patients with multiple system organ failure with
promising results [13]. Solomon et al. [14] demonstrat-
ed that clot elasticity and clot firmness did not follow
a linear correlation and that the use of clot elasticity
could prove to offer a more significant insight into clot
strength. Also, platelet counts are more importantly re-
flected by clot elasticity compared to clot firmness and
so a more precise decision can be made in regard to
platelet transfusion in cases of massive bleeding.

Viscoelastic tests have become the method of choice
in assessing coagulopathy and guiding transfusion in
patients with ESLD with a decrease in blood product
administration, costs and an overall improved outcome
[15]. We consider that the next logical step will be to
use derived ROTEM parameters that are able to pro-
vide new insights into coagulation kinetics. Thrombin
potential index and maximum clot velocity represent
the most significant parameters associated with coagu-
lation kinetics and the magnitude of platelet counts and
fibrinogen levels on these parameters are able to assess
the haemostatic reserve in cirrhotic patients. Further-
more, clot elasticity, as measured by EXTEM MCE, is a
marker of clot stability. The combination of these pa-
rameters may be able to offer a better picture and form
the basis for fine tuning in the management of cirrhotic
coagulopathy.

In conclusion, both platelet counts and fibrinogen
levels have significant effects on clot kinetics and clot
strength in patients with ESLD. The cut-off values of
both fibrinogen and platelet count we determined need
further investigation in clinical studies and should be
adjusted so that fine tuning of haemostasis can be per-
formed without the risk of either over- or under- cor-
rection of coagulopathy.
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