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Abstract: Background: Coagulopathies are common in patients with septic shock, trauma, or post-cardiac arrest
syndrome, resulting from endothelial injury due to hypoperfusion in shock-induced endotheliopathy (SHINE).
However, the prognostic efficacy of SHINE-associated coagulopathies has not been studied widely and there is
no assessment of prognostic value for coagulation parameters measured by rotational thromboelastometry
(ROTEMY®) in this group of patients. Methods: We retrospectively analyzed data from consecutive adult patients
with SHINE who underwent ROTEM® testing within 72 hours of admission to our mixed medical-surgical ICU
from January 2020 to December 2023. We evaluated the association between clotting times (CTs) in the extrinsic
(EXTEM) and intrinsic (INTEM) coagulation pathways and 30-day mortality. Results: There were 114 patients
included (mean age of 49.3 years, 66.7% males), with 30-day mortality rate of 45.6%. CT EXTEM and CTINTEM
were significantly prolonged in non-survivors compared to survivors (median [IQR]; 95.5 [72.0-176.3] vs. 74.5
[65.8-83.5] seconds, p < 0.001 and median [IQR]; 268.0 [229.0-361.5] vs. 201.0 [175.8-251.0] seconds, p <0.001,
respectively). In multivariable logistic regression, both CT EXTEM and CT INTEM were independently
associated with a higher risk of mortality, even after adjusting for age and APACHE II scores (OR = 1.024; 95%
CI=1.011-1.038; p < 0.001 for EXTEM; OR 1.006; 95% CI =1.001-1.010; p = 0.009 for INTEM) and in ROC analysis
demonstrated predictive value for 30-day mortality, with AUC values of 0.727, p < 0.001 and 0.741, p < 0.001,
respectively. Conclusions: Prolonged CTs in EXTEM and INTEM are independent predictors of 30-day mortality
in critically ill patients with SHINE-associated coagulopathies. ROTEM® parameters should be considered as

early predictors of mortality in this group of patients.
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1. Introduction

Coagulopathies in critically ill patients are complex conditions that can lead to frequent and
serious complications, resulting in increased morbidity and mortality, with higher healthcare costs.
The pathogenesis, laboratory test results, clinical presentation, and outcomes may differ significantly
depending on the specific cause of coagulation abnormalities, making it crucial to accurately
diagnose the underlying condition and initiate appropriate treatment as soon as possible.
Coagulopathies can be classified into two main types: thrombotic, which may result in
hypercoagulation and impaired fibrinolysis, and hemorrhagic, which may present with both
hypocoagulability and hyperfibrinolysis [1]. Numerous altered coagulation parameters can be easily
measured, such as prothrombin time (PT), International Normalized Ratio (INR), activated partial
thromboplastin time (aPTT), fibrinogen levels, thrombocytopenia, and elevated concentrations of
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fibrin split products [2]. Prolonged PT and aPTT occur in 14%—-28% of general intensive care patients,
with higher frequency in trauma patients, and are strong, independent predictors of mortality [3].
However, a more detailed understanding of coagulation processes using viscoelastic hemostatic
assays (VHAs), such as rotational thromboelastometry (ROTEM®) or thromboelastography (TEG®),
is necessary to detect the specific type of coagulopathy at an early stage.

There are several conditions particularly associated with coagulopathies in critically ill patients,
such as septic shock, trauma, and Post-Cardiac Arrest Syndrome (PCAS). All of these conditions
share common pathologies — hypoperfusion, endothelial damage, and glycocalyx shedding — and are
known as SHock-Induced Endotheliopathy (SHINE) [4]. Physiologically, the endothelium and
glycocalyx counterbalance the prothrombotic properties of blood. However, their disruption due to
hypoxemia caused by shock may initially lead to thrombotic complications in microvasculature by
exposing the subendothelial layer and later to a hypocoagulable state with hyperfibrinolysis through
release of their anti-thrombotic mediators [5].

In septic shock, there is a life-threatening host response to infection that can result in Sepsis-
Induced Coagulopathy (SIC) or even Disseminated Intravascular Coagulation (DIC) [6].
Proinflammatory cytokines enhance the induction of Tissue Factor (TF) on endothelium and
monocytes, which activates coagulation and leads to excessive thrombin generation, resulting in the
conversion of fibrinogen into an insoluble fibrin network [1]. Additionally, fibrinolysis can be
impaired by increased production and release of Plasminogen Activator Inhibitor-1 (PAI-1),
Thrombin-Activable Fibrinolysis Inhibitor (TAFI) and decreased levels of tissue Plasminogen
Activator (tPA). Prakash S. et al. (2015) demonstrated that inhibition of fibrinolysis, which can be
detected by rotational thromboelastometry, increases the risk of Multi-Organ Dysfunction Syndrome
(MODS) in septic shock [7]. Initially, in SIC, the interaction between immune and hemostatic systems
activates the endothelium and releases extracellular vesicles (EVs) containing TF and
phosphatidylserine (PS), leading to hypercoagulable and hypofibrinolytic state. Therefore, in some
cases, coagulation abnormalities may only be reflected by VHAs, as conventional coagulation tests
(CCTs) are more sensitive to the initiation rather than the propagation and lysis phases of hemostasis
[8-11]. The interaction between immune cells, Neutrophil Extracellular Traps (NETs), Damage-
Associated Molecular Patterns (DAMPs), Pathogen-Associated Molecular Patterns (PAMPs),
Interleukin-8 (IL-8) and coagulation factors has been termed “immunothrombosis”, which leads to
microthrombi formation [1]. In the early stages, hypercoagulability may be a beneficial process that
limits the infection spread, but further progression causes DIC, resulting in widespread tissue
damage [12]. However, the initial phase of evolution from SIC to DIC is often difficult to identify.
Czempik et al. (2024) showed that coagulopathies detected by rotational thromboelastometry occur
more often in the non-survivor group of septic patients [13].

Even up to 40-50% patients with massive bleeding following trauma will die, either early from
hemorrhage or later from multiple organ failure [14]. In trauma associated with bleeding, profound
hypotension, and severe coagulopathies often occur, and in some cases, are associated with a 5-fold
increase in mortality [15]. The coagulation abnormalities in trauma consist of acute traumatic
coagulopathy (ATC) and trauma-induced coagulopathy (TIC). It has been known for decades that
the ATC results from the loss of plasma clotting factors and platelets, as well as iatrogenic dilutional
effects from excessive crystalloid infusion [16, 17]. However, the later studies have found that
additional coagulation abnormalities, such as TIC, may occur and are associated with very high
mortality. The main drivers of TIC are endothelial injury, glycocalyx shedding, and the release of
thrombomodulin-thrombin complex, which reacts with the Endothelial Protein C Receptor (EPCR)
to form activated Protein C (aPC). APC degrades the active forms of Factor V, Factor VIII, and PAI-1
[18]. Furthermore, the consumption of fibrinogen and the exhaustion or dysfunction of platelets play
a major role in the progression of hypocoagulation. This results in prolonged initiation of clot
formation and auto-heparinization [19]. Moreover, damage to the endothelium causes the systemic
release of Weibel-Palade bodies containing tPA and the formation of fibrinogen degradation products
(FDP), meaningly contributing to hyperfibrinolysis [17]. It is well-known that prolonged PT is
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associated with higher mortality in trauma patients, but CCTs are time-consuming, making them
unfit for direct therapeutic management in emergent situations [20, 21]. Hence, VHAs have become
more widely used in these clinical scenarios over the past few years. Smith A. et al. (2020) showed
that abnormalities in the APTEM pathway, measured by rotational thromboelastometry, significantly
predict mortality [22].

Cardiac arrest (CA) is a serious danger to human life, with very high mortality. Less than 10%
of patients who experience out-of-hospital cardiac arrest (OHCA) and less than 20% of those with in-
hospital cardiac arrest (IHCA) survive to hospital discharge [23]. During CA, severe hypoxia and
acidosis, which affect every tissue in the body, can cause damage to vascular endothelial cells.
Additionally, after Return of Spontaneous Circulation (ROSC) the reperfusion begins generating the
Reactive Oxygen Species (ROS), which intensify the acute inflammatory response. The injured
endothelium becomes prothrombotic and simultaneously hyperfibrinolytic due to the release of tPA
from Weibel-Palade bodies. These changes manifest as PCAS, resembling sepsis-like symptoms such
as systemic inflammatory response, capillary leakage, and dysregulation of hemostasis [23-25].
Numerous studies have demonstrated that cardiac arrest-associated coagulopathy (CAAC) is related
to higher mortality [26-28].

The coagulation process involves traditionally recognized intrinsic and extrinsic pathways, each
crucial for hemostasis. Despite the newer cell-based model of coagulation, these pathways are still
recognized as valuable diagnostic measures and are used in both VHAs and CCTs. However, CCTs
often fail to provide timely and comprehensive information necessary for rapid decision-making,
which is especially relevant in the ICU. CCTs have limited ability to extensively characterize the
hemostatic profile and forecast thrombotic or bleeding complications in critically ill patients. They
cannot assess clot strength and stability, as these tests measure the early phase of fibrin
polymerization, when only 5% of thrombin generation occurs [29-31]. In addition, plasma samples
are used for conducting CCTs, meaning that information regarding platelet function, fibrinolysis, and
hypercoagulability is not provided [32]. VHAs are more modern coagulation tests and include
rotational thromboelastography (TEG®) and rotational thromboelastometry (ROTEM®). They utilize
whole blood samples and allow for the assessment of dynamic changes in clot viscoelastic properties
by using graphs that show the amplitude representing clot formation and lysis over time [33].
Therefore, rotational thromboelastometry is regarded as faster and more versatile than CCTs for
diagnosing and managing complex coagulation disorders in critically ill patients [34]. While
numerous studies have validated the role of ROTEM?® in diagnosing coagulopathies, its prognostic
value, specifically the comparative analysis of intrinsic and extrinsic pathways in predicting short-
term mortality, has not been widely studied in patients with endothelial injury due to shock caused
by septic shock, trauma, or cardiac arrest [3].

This study aims to compare the prognostic efficacy of intrinsic and extrinsic coagulation
pathway parameters assessed by rotational thromboelastometry in relation to 30-day mortality in
critically ill patients with SHINE.

2. Materials and Methods

We conducted a single-center retrospective analysis of patients hospitalized in a mixed medical-
surgical intensive care unit (ICU) at the University Hospital in Krakow, Poland (44 beds,
approximately 900 admissions annually). The observation period was from January 2020 to
December 2023, and the study included 114 critically ill patients.

The inclusion criteria were patients at least 18 years of age, requiring support for at least one
organ, and having undergone rotational thromboelastometry within 72 hours of ICU admission. The
exclusion criteria included known liver disease and conditions other than septic shock, trauma, or
PCAS as reasons for admission to ICU.

Sepsis was defined according to the third international consensus criteria for sepsis and the
septic shock was defined as sepsis in patients who required vasopressor support [6]. Additionally, in
our study, a procalcitonin>0.5 ng/mL was used to confirm the presence of systemic infection. Trauma
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was defined as an injury to at least two organs, with each organ injury requiring hospitalization. CA
was defined as the cessation of effective blood flow due to either asystole, pulseless electrical activity,
pulseless tachycardia, or ventricular fibrillation.

The study was approved by the Bioethics Committee of the Jagiellonian University in Krakow,
Poland, on June 20, 2024 (No. 118.0043.1.224.2024), and conducted in compliance with the World
Medical Association (WMA) Declaration of Helsinki (1975, as revised in 2013). The requirement for
specific informed consent form (ICF) was waived because this was a retrospective observational
study. The study was conducted in adherence to the STROBE (Strengthening the Reporting of
Observational Studies in Epidemiology) guidelines [35].

Inclusion criteria: Patients admitted to the
1.> 18 years old, | ICU between 01/01/2020
2. ROTEM® testing and 31/12/2023 (n=239)

Exclusion criteria:

1. ROTEM® testing after
72 hours since admission
to the ICU (n=69),

2. Patients with known

> liver disease (n=21),
3. Patients admitted for
reasons other than septic
shock, trauma, or PCAS
(n=35)

v

Patients enrolled in our

study (n=114)

Figure 1. The study flow chart.

2.1. Collected Clinical Data

Clinical data included APACHE II score, hospital and ICU lengths of stay, amount of blood
products and coagulation factors concentrates transfused, ICU mortality, and time to death.

2.2. Collected Laboratory Data

In all patients laboratory data included CCTs and rotational thromboelastometry parameters
obtained within the first 72 hours of ICU admission. Samples for rotational thromboelastometry were
collected in S-Monovette® Citrate INC 0.106 mol/1/3.0 ml vials (SARSTEDT AG & Co. KG,
Sarstedtstrafse 1, 51588 Niimbrecht, Germany) and for other tests in S-Monovette® EDTA K3E/2.6 ml,
Citrate 9NC 0.106 mol/1/3.0 ml, and Serum Gel CAT/4.7 ml vials (SARSTEDT AG & Co. KG,
Sarstedtstrafse 1, 51588 Niimbrecht, Germany). In our ward, we use systems that continuously flush
arterial lines with a 0.9% NaCl solution without anticoagulant. Prior to sample collection, nurses
aspirate and discard 3 mL of the patient’s blood. Immediately after sample collection, tests were
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performed by an experienced anesthesiologist on the rotational thromboelastometry machine
(ROTEM® Sigma, SN 10494, Tem Innovations GmbH, Martin-Kollar-Strae 13-15, 81829 Munich,
Germany ) or sent to the hospital laboratory (CCTs).

2.3. Principle of Operation of Rotational Thromboelastometry

Different chemical reagents are added to each cup containing the patient’'s whole blood to
activate specific coagulation pathways. The pin rotates within the cup, and as clot formation occurs,
the viscosity of the blood increases, which enhances resistance to the rotating pin. This resistance is
recorded as an amplitude on a graphical trace. Rotational thromboelastometry enables a detailed
assessment of whole blood clotting competence by evaluating the phases of clot initiation,
amplification, propagation, and termination, including fibrinolysis [36]. Key parameters include,
among others: Clotting Time (CT) - the duration needed for the clot to reach a2 mm amplitude, correlating
with standard measures such as INR and aPTT; Clot Formation Time (CFT) - the time required for the clot
to increase from a 2 mm to a 20 mm amplitude, reflecting the rate of fibrin polymerization; Maximum Clot
Firmness (MCF) - the highest amplitude achieved, representing the strength of the clot due to fibrin-
platelet interactions and crosslinking; Maximum Lysis (ML) — defined as a change in MCF over a specified
time, indicating the extent of clot breakdown due to fibrinolysis.
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Figure 2. Representative normocoagulable rotational thromboelastometry tracing with their respective parameters

defined. CT, clotting time; CFT, clot formation time; MCF, maximum clot firmness; ML, maximum lysis.

Basic ROTEM® assesses four distinct coagulation pathways. EXTEM uses TF to initiate clotting
through the extrinsic pathway, predominantly evaluating the activity of clotting factors VII and X,
alongside contributions from fibrinogen and platelets. INTEM, using ellagic acid as an activator,
evaluates the intrinsic coagulation pathway and primarily measures the functionality of factors VIII,
IX, XI, and XII, along with contributions from fibrinogen and platelet. This assay is commonly
employed in cases such as hemophilia or during anticoagulation therapy. FIBTEM, incorporating
cytochalasin D, a platelet inhibitor, isolates fibrin polymerization from platelet activity. It specifically
measures the fibrinogen contribution to clot firmness, making it particularly useful for detecting
hypofibrinogenemia or assessing fibrinogen dysfunction. APTEM, with aprotinin as its active
component, inhibits fibrinolysis by blocking plasmin activity. It is primarily used to detect
hyperfibrinolysis. By comparing APTEM results with EXTEM, clinicians can distinguish between
fibrinolytic activity and other coagulation defects. [29].
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2.4. Primary and Secondary Endpoints

Primary outcome was 30-day mortality since admission to ICU.

Secondary outcomes included the occurrence of overt DIC according to the modified
International Society on Thrombosis and Haemostasis (ISTH) criteria for DIC (mISTH-DIC) total
hospital and ICU lengths of stay, and the amounts of blood products and clotting factors concentrates
transfused [37].

2.5. Statistical Analysis

The distribution of categorical variables was presented as counts and percentages, and
numerical as means with standard deviations (SD) for normally distributed continuous variables and
as medians with interquartile ranges (IQR) for non-normally distributed continuous variables. The
Kolmogorov-Smirnov test was used to confirm the normality of distribution. Equality of variances
was assessed using Levene’s test. Student’s t-test or Welch's t-test was used, depending on the
equality of variances, for normally distributed variables. The Mann-Whitney U-test was used for non-
normally distributed continuous variables and Pearson’s chi-square test for categorical variables.
Multivariable logistic regression analyses were carried out to determine independent predictors of
30-day mortality, with results presented as odds ratios (OR) and 95% confidence intervals (CI).
Spearman’s rank correlation coefficient was used to assess the relationships between variables. All
analyses were performed in SPSS version 29.0.2.0 (20) for Windows (IBM SPSS Statistics, Armonk,
New York, USA). Two-tailed tests were applied, and a p-value of < 0.05 was regarded statistically
significant.

3. Results

A total of 239 patients, aged 18 years or older and having undergone rotational
thromboelastometry, were admitted to the ICU from January 2020 to December 2023. Among them,
114 had septic shock, trauma, or PCAS, did not have any known liver disease, and underwent both
CCTs and thromboelastometry testing within 72 hours of ICU admission. The mean (SD) age of the
analyzed cohort was 49.3 (19.9) years, with males comprising the majority (66.7%). The primary
diagnoses were septic shock in 51 (44.7%), trauma in 46 (40.4%), and CA in 17 (14.9%) patients. The
30-day mortality rate was 45.6% (52 patients), with the mean (SD) time to death since admission to
ICU of 10.8 (26.2) days. The median (IQR) hospital length of stay was 18.5 (7.0-35.0), while the median
ICU length of stay was 9.5 (2.0-19.25) days.

Surgical interventions were performed in 78 (68.4%) patients.

Table 1 summary of clinical data for the patients.

Table 1. Characteristics of study population.

Characteristics Summary measure (n = 114)
Age [years] 49.3 (19.9)
Male 76 (66.7%)
Septic shock 51 (44.7%)
Trauma 46 (40.4%)
CA 17 (14.9%)
30-day mortality 52 (45.6%)
Time do death [days] 10.8 (26.2)
Hospital length of stay [days] 18.5 (7.0-35.0)
ICU length of stay [days] 9.5 (2.0-19.25)
Surgery 78 (68.4%)
CRRT 70 (61.4%)

Continuous variables are presented as means (standard deviation) or medians (interquartile range) unless

indicated otherwise; CA, cardiac arrest; ICU, intensive care unit; CRRT, continuous renal replacement therapy.

d0i:10.20944/preprints202412.2654.v1
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Patients in the non-survivor group were older and had higher mean (SD) APACHE II (Acute
Physiology and Chronic Health Evaluation II) scores, reflecting greater severity of illness compared
to the survivor group. The mean (SD) hospital and ICU lengths of stay were shorter among non-
survivors compared to survivors.

Both CCTs and rotational thromboelastometry identified notable differences between survivors
and non-survivors. The INR and aPTT values were significantly prolonged in non-survivors, non-
survivors exhibited longer clotting times (CTs) in both EXTEM and INTEM.

300
v 400
w
E 200 9
b &
ﬁ — 300
- =z
O 100 E -
(8]
200
0
Survivors Non-survivors 100

Survivors Non-survivors

Figure 3. (A) Box and whisker plot showing the distributions of CT EXTEM in survivors and non-survivors. (B)
Box and whisker plot showing the distributions of CT INTEM in survivors and non-survivors.

Additionally, in the same coagulation pathways (EXTEM and INTEM) maximum lysis (ML) was
reduced in the non-survivors.

The patients who died received twice as many units of Fresh Frozen Plasma (FFP) as survivors.
However, no statistically significant differences were observed in platelet counts, fibrinogen levels,
or the amount of clotting concentrate factors administered, such as Octaplex® or Fibryga®.

In comparison of mISTH-DIC frequency we confirmed that overt DIC was significantly more
common in non-survivors than in survivors.

Table 2 summary of study results in survivors and non-survivors.

Table 2. Characteristics of patients by 30-day mortality.

Survivors, Non-survivors,

Characteristics n = 62 (54.4%) 1 =52 (45.6%) p-value
Male 44 (71%) 32 (61.3%)
Age [years] 45.4 (19.5) 54 (19.5) 0.021
APACHE II [points] 24.8 (6.5) 28.9 (7.3) 0.002
SAPS [points] 59.6 (16.0) 70.5 (17.2) <0.001
Hospital LOS [days] 35.9 (23.8) 10.0 (10.0) <0.001
ICU LOS [days] 23.3 (22.7) 7.0 (8.1) <0.001
CT FIBTEM [seconds] 73.0 (63.0-98.5) 94.5 (69.0-220.5) 0.009
A5 FIBTEM [mm] 11.6 (8.2) 11.6 (8.7) 0.995
MCEF FIBTEM [mm] 14.4 (10.3) 15.0 (11.2) 0.777
ML FIBTEM [%] 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.592
CT EXTEM [seconds] 74.5 (65.8-83.5) 95.5 (72.0-176.3) <0.001
MCF EXTEM [mm] 57.4 (10.8) 51.8 (17.1) 0.044
ML EXTEM [%] 7.0 (3.0-13.0) 4.0 (0.3-8.0) 0.009
CT INTEM [seconds] 201.0 (175.8-251.0) 268.0 (229.0-361.5) <0.001
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MCF INTEM [mm] 53.6 (11.0) 49.8 (14.8) 0.138

ML INTEM [%] 7.0 (2.8-11.0) 4.0 (0.0-9.0) 0.035
CT APTEM [seconds] 67.0 (60.8-87.3) 93.0 (75.3-186.0) <0.001
MCF APTEM [mm] 56.4 (10.1) 52.1(15.1) 0.091

ML APTEM [%] 5.5 (2.0-11.0) 3.0 (0.0-7.0) 0.008
INR 1.3 (1.1-1.7) 2.0 (1.4-3.4) <0.001
aPTT [seconds] 35.9 (32.7-49.4) 54.6 (44.6-92.1) <0.001
Fibrinogen [g/L] 1.9 (1.2-2.9) 2.2 (0.9-3.2) 0.974
D-dimer [ug/L] 13.3 (6.0-35.2) 17.4 (6.0-35.2) 0.571

pRBC [units] 4.0 (2.0-9.0) 2.0 (0.3-5.8) 0.024

FFP [units] 2.0 (0.0-6.0) 4.0 (2.0-8.0) 0.022

Platelets [units] 0.0 (0.0-1.0) 0.0 (0.0-1.8) 0.5

Cryoprecipitate [units] 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.798
Prothrombin concentrate [units] 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.827
Fibrinogen concentrate [grams] 0.0 (0.0-2.0) 2.0 (0.0-3.8) 0.281
mISTH-DIC 17 (27.4) 25 (48.1) 0.023

CRP [mg/L] 39.1 (2.7-133.5) 62.3 (3.1-133.5) 0.491
Procalcitonin [ng/mL] 1.5 (0.6-11.6) 4.2 (0.9-9.2) 0.425

SAPS, The Simplified Acute Physiology Score; LOS, Length of Stay.

In multivariable logistic regression, both CT EXTEM and CT INTEM were independently
associated with an increased risk of mortality, even after adjusting for age and APACHE II scores.
Both parameters also demonstrated predictive value for 30-day mortality, with AUC values of 0.727
and 0.741 for the ROC curves of EXTEM and INTEM, respectively.

Table 3 summary of multivariable logistic regression analysis in two models.

Table 3. Multivariable logistic regression analysis of rotational thromboelastometry results associated with 30-

day mortality in critically ill patients.

Predictor OR 95% CI p-value
Model 1 including an external pathway of coagulation cascade
CT EXTEM 1.024 1.011-1.038 <0.001
Age in years 1.027 1.003-1.051 0.026
APACHE II 1.070 1.001-1.142 0.045
Model 2 including an internal pathway of coagulation cascade
CT INTEM 1.006 1.001-1.010 0.009
Age in years 1.018 0.997-1.040 0.094
APACHE II 1.065 1.001-1.134 0.047

Moreover, CT EXTEM and CT INTEM were negatively correlated with hospital length of stay
and positively correlated with the presence of mISTH-DIC, as well as with INR and aPTT values.

Table 4 summary of Spearman’s rank correlation coefficient of CT EXTEM and CT INTEM with
outcomes.

Table 4. The correlation between CT EXTEM, CT INTEM, CCTs and outcomes.

CT EXTEM CT INTEM
Outcome r p-value r p-value
Hospital length of stay -0.331 <0.001 -0.292 0.002
mISTH-DIC 0.390 <0.001 0.373 <0.001
INR 0.599 <0.001

aPTT 0.718 <0.001
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Figure 4. Receiver operating characteristic (ROC) curves illustrating the diagnostic performance of CT EXTEM
and CT INTEM in predicting 30-day mortality in the ICU.

4. Discussion

Coagulopathy is an inherent sign of critical illness, reflecting severe systemic insults including
endothelial injury, glycocalyx shedding, hypoperfusion, inflammation, and catecholamine surge, as
a whole, described as SHINE. In critically ill patients, particularly those with septic shock, trauma, or
PCAS, dysregulation of the coagulation cascade frequently occurs, leading to hypercoagulable or
hypocoagulable states. These extremes can manifest as SIC, DIC, TIC, or CAAC, with microvascular
thrombosis contributing to organ dysfunction and mortality. Maintaining hemostatic balance is
essential not only for preventing excessive bleeding but also for ensuring adequate tissue perfusion
and immunological response. Dysregulated hemostasis exacerbates ischemic injury and increases
mortality by promoting MODS.

The cohort analyzed in our study reflects the heterogeneity and complexity of patients admitted
to a tertiary hospital ICU. With a mean (SD) age of 49.3 (19.9) years and a predominance of male
patients (66.7%), the demographics align with other critical care studies [38-40]. The high prevalence
of septic shock (44.7%) and trauma (40.4%) in our database underscores the substantial burden of
these conditions in the ICU setting. In addition, patients with PCAS, along with those above-
mentioned groups, represent some of the most common reasons for ICU admission [41]. Interestingly,
the 30-day mortality rate in our cohort (45.6%) is higher than that reported in some previous studies,
likely reflecting greater illness severity [42]. The shorter ICU and hospital lengths of stay among non-
survivors highlight the rapid progression of critical illness in this group, often culminating in early
mortality. These findings are consistent with literature indicating that critically ill patients with
severe coagulopathy often experience rapid clinical deterioration [43]. The observation that surgical
interventions were performed in 68.4% of patients and that 61.4% required CRRT further illustrates
the complexity of our patient population. Such interventions are often indicative of the severity of
illness and may exacerbate coagulation abnormalities, complicating management and potentially
influencing outcomes [44].

Our study demonstrates the prognostic value of thromboelastometry parameters, particularly
CT EXTEM and CT INTEM results, in predicting mortality risk in a mixed group of ICU patients. In
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the comparative analysis, CT was statistically significantly prolonged across all coagulation
pathways assessed by rotational thromboelastometry (FIBTEM, EXTEM, INTEM and APTEM) in
non-survivors. The results of our study showed a mean (SD) value of A5 FIBTEM 11.6 (8.2 and 8.7)
mm in both groups, suggesting neither fibrinogen dysfunction nor fibrinogen low levels. The
constellation of prolonged CT in EXTEM or/and INTEM with an A5 FIBTEM value =2 9 mm indicates
dysfunction of plasma clotting factors and impaired thrombin generation. In multivariable logistic
regression analysis, both CT EXTEM and CT INTEM were independently associated with higher
mortality risk, even after adjusting for confounders such as age and APACHE II scores. The odds
ratios (OR) for these parameters (1.024, 95% CI 1.011-1.038, p < 0.001 for CT EXTEM and 1.006, 95%
CI1.001-1.010, p 0.009 for CT INTEM) show that increases in CT are associated with a rise in mortality
risk. This predictive value was further supported by the area under the curve (AUC) values for the
ROC curves, which were 0.727 for CT EXTEM, p < 0.001, and 0.741 for CT INTEM, p < 0.001,
demonstrating good discriminative ability. These findings underscore the utility of rotational
thromboelastometry as a tool worth recommending for risk stratification in critically ill patients.
Notably, the prolonged CTs observed in non-survivors suggest a delay in the initiation of clot
formation and underscore the sensitivity of thromboelastometry in detecting clinically relevant
coagulopathies associated with SHINE. Furthermore, we identified a negative correlation between
CT EXTEM and CT INTEM with the hospital length of stay, proving that more severe coagulation
abnormalities are associated with shorter survival durations. Interestingly, despite substantial
differences in CTs, no significant differences were observed in parameters related to MCF between
survivors and non-survivors. This observation may be attributed to the acute-phase response at the
early stage of illness, characterized by elevated fibrinogen levels in SIC, CAAC, and platelet release
from the spleen in TIC.

The delayed initiation of clot formation can be explained by coagulopathy associated with
SHINE, which shares a common pathophysiological etiology: de-endothelialization of blood vessels.
This process exposes the subendothelial layer, leading to capillary leakage and microvascular
thrombosis, which further exacerbate endothelial hypoxemia. Consequently, an exaggerated
physiological response emerges to maintain perfusion, creating hypocoagulable and hypofibrinolytic
states [5]. Physiologically, the endothelium and glycocalyx contain numerous natural anticoagulants,
including heparonoids, antithrombin (AT), tissue factor pathway inhibitor (TFPI), protein
C/thrombomodulin, tissue-type Plasminogen Activator (tPA) and urokinase-type Plasminogen
Activator (uPA), which can be released into the bloodstream [45]. Soluble thrombomodulin (sTM)
converts protein C into activated protein C (APC), which in turn degrades active forms of Factor V,
Factor VIII, and PAI-1. Catecholamines released by the stimulated hypothalamic-pituitary-adrenal
axis can further activate and damage the endothelium. Additionally, perivascular sympathetic nerves
can release enzymatically active tPA [46]. Rotational thromboelastometry tracings often progress
from a normal state to hypercoagulable, then hypocoagulable, and finally hyperfibrinolytic states [5].
Therefore, we observe the significantly prolonged CTs in the rotational thromboelastometry in the
non-survivors as a consequence of diminished plasma clotting factors contribution to coagulation
cascade. Several studies indicate that plasma transfusion in trauma and therapeutic plasma exchange
(TPE) with FFP in sepsis patients may exert a protective effect on injured endothelium [47-52].
Moreover, El-Nawawyy et. al (2021) showed that the early use of FFP, low-dose heparin, and
tranexamic acid (TXA) in the pediatric population, with very low plasma clotting factors and AT
levels secondary to SIC, improved survival and prevented the progression to overt DIC [53].

In our study, we observed decreased ML EXTEM and ML INTEM in non-survivors, highlighting
the role of impaired fibrinolysis, which has been linked to the development of microvascular
thrombosis and organ failure [54]. This abnormality, referred as “fibrinolytic shutdown”, is a
common feature of SIC, PCAS, and certain stages of trauma. Impaired fibrinolysis is a major
contributor to microvascular thrombi formation, leading to the ongoing consumption of platelets and
clotting factors. Ultimately, it causes microvasculature failure and DIC, which are key drivers of
MODS [55]. A critical factor in this process is neutrophil elastase bound to the DNA of neutrophil
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extracellular traps (NETs) [56]. While free elastase is degraded by its primary inhibitor, an alpha 1-
protease inhibitor, DNA-bound elastase becomes resistant to inhibition and cleaves plasminogen into
fragments incapable of generating plasmin. A study by Hayakawa et al. (2010) showed that sivelestat,
a selective neutrophil elastase inhibitor, decreased mortality in patients with acute respiratory
distress syndrome (ARDS) and DIC [57]. Additionally, in some cases, an increased concentration of
PAI-1, produced by endothelial cells, and TAFI as a response for thrombin burst further contribute
to fibrinolysis shutdown [58-59]. Similar to our findings, Ostrowski et al. (2013) found that around
half of sepsis patients had a normal coagulation profile, while others exhibited hypocoagulability or
hypercoagulable states accompanied by hypofibrinolysis [11]. In trauma patients, despite the
presence of hyperfibrinolysis in many cases during the early stage the fibrinolytic phase often
terminates (within hours after trauma) due to increased PAI-1 production by endothelial cells and
platelets, contributing to fibrinolysis shutdown, which has been proven to increase mortality [60].
Routine administration of TXA in trauma patients may, in certain cases, facilitate fibrinolytic
resistance, predisposing to hypofibrinolysis. Therefore, it may be advised to guide TXA usage based
on VHAS results rather than relying on empirical practices [61].

In our cohort, INR and aPTT values were significantly prolonged in non-survivors compared to
survivors, indicating the association between coagulopathy and mortality in critically ill patients,
particularly those with septic shock and trauma [22, 62, 63]. Clinicians have been using CCTs for a
long time as standard tools for assessing coagulation status in critically ill patients. These tests
provide basic information on specific components of the coagulation cascade. However, they asses
only the time required to initiate clot formation without details about clot strength and fibrinolysis.
Despite these limitations, our study underlines their importance, because CCTs are relatively cheap
and widely available, unlike the VHAs. Non-survivors received twice as many units of FFP as
survivors, further suggesting a greater degree of plasma clotting factor depletion in this group. It is
important to note that glycocalyx shading, commonly observed in critically ill patients, exacerbates
coagulopathy through auto-heparinization. Animal studies have shown that plasma transfusion may
partially restore the glycocalyx [64-68]. However, while FFP transfusion is often used to correct
coagulopathy, it carries significant risks associated with blood products transfusion. Moreover,
patients with SHINE typically have capillary leakage, so the large volumes of FFP required for
coagulation correction may contribute to fluid overload, tissue edema, and further deterioration of
patients outcomes. Alternatively, the use of Prothrombin Complex Concentrate (PCC) is becoming
increasingly common, particularly in conditions requiring fluid restriction, such as traumatic brain
injury (TBI). PCC can be used as a more targeted approach to correcting coagulopathies without
causing volume overload.

Interestingly, our study showed lower platelet count in patients who died; however, the
difference was not statistically significant. Previous studies have identified thrombocytopenia as a
frequent laboratory abnormality in critically ill patients and have established it as an independent
predictor of increased mortality [69]. However, thrombocytopenia often develops at the later stage
of ICU stay and can be caused by factors such as infection, heparin-induced thrombocytopenia (HIT),
or surgical interventions. Therefore, our early assessment within the first 72 hours may not have
captured these later changes [70]. It is important to emphasize that, at the onset of an acute process,
it is not the drop in the platelet count but rather platelet dysfunction that develops [71]. In DIC, there
is overt consumption of platelets, fibrinogen, and clotting factors due to thrombi formation, resulting
in a thrombotic and/or bleeding diathesis. Our study demonstrated a statistically significant elevated
risk of developing DIC, based on the mISTH criteria, in patients with higher mortality. Uncontrolled
overt DIC leads to massive consumption of plasma clotting factors and, in the late phase, can be easily
detected by CCTs, which will show prolonged INR and aPTT if coagulation factors are below 50%
normal levels.

CCTs remain an important part of routine coagulation assessment, but they have limitations.
These tests do not provide the dynamic evaluation of clot formation. Furthermore, CCTs are often
performed in hospital laboratories, so results are usually delayed due to the time required for sample
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transport and processing. In our study, the results obtained from CCTs and VHAs were comparable;
however, it is imperative to remember that both tests were conducted within the 72-hour timeframe
following ICU admission. Using these tests immediately upon admission to the ICU during the early
stage of coagulopathy associated with SHINE, may not reveal abnormalities detectable only through
VHAs. These limitations underscore the need for VHAs, which provide near real-time, dynamic, and
comprehensive coagulation assessments. VHAs allow for individualized and goal-directed
resuscitation strategies [72, 73]. For example, VHAs-guided therapy has been shown to reduce blood
product usage and improve hemostasis, although its impact on mortality remains uncertain.

This study has some limitations. We had a relatively small database, so results may not properly
represent the characteristics of a larger ICU population with SHINE. The retrospective nature of our
study introduces a risk of selection bias. Additionally, we did not have the clear guidelines indicating
the need for performing rotational thromboelastometry in septic shock and PCAS patients in our
ward, which lead us to collect data over a broad time span (0 to 72 hours of ICU admission). Larger,
multicenter prospective studies with strict guidelines are required to confirm the associations
observed in this paper, minimize bias, and explore their adoption to patients with SHINE in routine
clinical practice. The association between abnormal rotational thromboelastometry parameters and
mortality is convincing, as we showed in this study; however, it remains uncertain whether targeted
interventions based on these findings can improve survival outcomes. Future research should
investigate whether allocating patients with SHINE-associated coagulopathies to a higher risk group
upon ICU admission, based on deranged rotational thromboelastometry results, can improve
management and reduce bleeding and/or thrombotic complications.

5. Conclusions

Our study demonstrates the important role of rotational thromboelastometry in evaluating
coagulopathies and predicting mortality in critically ill patients. The key finding includes the
association of prolonged CT EXTEM and CT INTEM with higher 30-day mortality in patients with
SHINE and suggests that these parameters can be used for standard prognostication upon ICU
admission. This study also shows that simple parameters, such as INR and aPTT, may be useful
predictors of higher mortality risk in patients with endotheliopathy related to hypoperfusion.
However, rotational thromboelastometry remains the gold standard due to its rapid and
comprehensive diagnostic capabilities, which can quickly detect “phenotype switching” between
pro- and antithrombotic, as well as pro- and antifibrinolytic states. This facilitates the introduction of
personalized and goal-directed therapy for critically ill patients with coagulopathies. Despite some
challenges, such as relatively high costs and limited accessibility, particularly in developing
countries, further research is essential to implement rotational thromboelastometry into routine
intensive care practice as an early predictor of mortality.
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