
Am J Transl Res 2024;16(10):5797-5812
www.ajtr.org /ISSN:1943-8141/AJTR0158895

https://doi.org/10.62347/EDAR9565

Review Article
Inflammation, immunity and biomarkers in  
procoagulant responses of critically ill patients

Hui Lian1*, Huacong Cai2*, Hongmin Zhang3, Yan Zhang2, Xiaoting Wang3

1Department of Health Care, Peking Union Medical College Hospital, Chinese Academy of Medical Sciences and 
Peking Union Medical College, Beijing 100730, China; 2Department of Hematology, Peking Union Medical College 
Hospital, Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing 100730, China; 3De-
partment of Critical Care Medicine, Peking Union Medical College Hospital, Chinese Academy of Medical Sciences 
and Peking Union Medical College, Beijing 100730, China. *Co-first authors.

Received July 1, 2024; Accepted September 26, 2024; Epub October 15, 2024; Published October 30, 2024

Abstract: Understanding the pathobiology of critical illness is essential for patients’ prognosis. Sepsis is a life-
threatening organ dysfunction caused by a dysregulated host response to infection. As part of the host response, 
procoagulant responses, one of the most primitive reactions in biology, start at the very beginning of diseases and 
can be monitored throughout the process. Currently, we can achieve near-complete monitoring of the coagulation 
process, and procoagulant responses serve as indicators of the severity of host response in critically ill patients. 
However, the rapid interpretation of the complex results of various biomarkers remains a challenge for many clini-
cians. The indicators commonly used for coagulation assessment are complex, typically divided into three catego-
ries for clarity: process index, functional index, and outcome index. Monitoring and understanding these indicators 
can help manage procoagulant responses. The intervention of procoagulant response should be part of the bundle 
therapy, alongside the treatment for primary disease, management for hemodynamics, and controlling for host 
response. Early intervention for procoagulant response mainly includes anti-inflammation, antiplatelet and anti-
coagulant therapy, as well as management of primary disease. In this review, we systemically introduce the onset, 
assessment and intervention of procoagulant response.
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Introduction

Experts in Intensive Care Unit (ICU) have 
engaged in discussion to redefine critical ill-
ness, from syndromes to underlying biological 
changes [1]. Understanding the pathobiology of 
critical illness is essential for patient’s out-
comes. In this conceptual framework, the lat-
est definition of sepsis, as a life-threatening 
organ dysfunction caused by a dysregulated 
host response to infection, captures the com-
plexity of critical illness and establishes a 
bridge between diagnosis and therapy [2]. 
Research demonstrated that critical illness 
represents a stress-related decompensation 
syndrome mediated by neural, endocrine, bio-
energetic, and immune systems, which is 
another form of dysregulation [3]. Recent stud-
ies also confirmed that the dysregulated host 
response are not limited to sepsis, but also 

occur in other critical conditions, such as coro-
navirus disease 2019 [4, 5], severe acute pan-
creatitis [6], and traumatic brain injury [7, 8]. 
Gradually, dysregulated host response to any 
stress is increasingly recognized as a core 
pathobiological change in critically ill patient. 
Some patients with a systemic inflammatory 
response also present with coagulation ab- 
normalities, which are common in the ICU  
and require a clinicopathological approach to 
ensure appropriate therapy [9]. Procoagulant 
response is one of the oldest and most primi-
tive reactions in biology. For instance, the bold 
of Horseshoe crab, an ancient species lived on 
earth for 500 million years, clots to limit bacte-
rial spread when infected with gram negative 
bacilli, illustrating the ancient procoagulant 
response seen in lower organisms. Nowadays, 
procoagulant response acts as part of the host 
response and plays an important role in bundle 
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therapy in ICU [10], as it can be monitored 
throughout the process. If not well controlled, 
procoagulant response may progress into coag-
ulation disorders, coagulopathy, and dissemi-
nated intravascular coagulation. In this review, 
we will systematically describe the pathophy- 
siological process, monitoring, and potential 
therapy of procoagulant response in critically ill 
patients.

Inflammation, immunity and coagulation 
(Figure 1)

Platelets and endothelial cells (ECs) are crucial 
components in both critical illness and coagu-
lation. Circulating platelets activate proinflam-
matory cells and release chemokine. Through 
biochemical interactions, platelets and ECs can 
activate and adversely affect one another. 
Endothelial activation is one of the conse-
quences upon host response, which plays  
an important role in coagulopathies. Although 
endothelial dysfunction pathways differ bet- 
ween 2019 coronavirus disease (COVID‐19) 

and non-COVID-19 patients, endothelial activa-
tion is observable in all cases [5]. ECs and 
platelets produce a variety of cytokines that 
modulate both inflammatory response and 
immune response [11].

Inflammation and coagulation

Thrombotic complications are common in both 
acute infections and chronic inflammatory  
diseases. ECs cover the surface of all blood 
vessels, promoting the recruitment of inflam-
matory cells and preventing the uncontrolled 
activation of coagulation [12]. Following exten-
sive tissue and endothelial damage, damage-
associated molecular patterns (DAMPs) and 
pro-inflammatory cytokines are released, am- 
plifying thrombin production, clot formation, 
and endothelial lesions [13]. The endothelium 
responds to stressors with morphological and 
functional changes, resulting in increased 
platelet adhesion [14]. During the proliferative 
phase, platelets adhere to the damaged endo-
thelium, providing a procoagulant surface for 

Figure 1. Inflammation, immunity and coagulation.
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coagulation activation and amplifying thrombin 
generation on activated platelets. Activated 
leukocytes and platelets form platelet-leuko-
cyte aggregates, while activated neutrophils 
and macrophages release extracellular traps 
that promote platelet aggregation and throm-
bin formation [15]. Inflammatory cytokines, 
such as tumor necrosis factor α (TNF-α) and 
Interleukin (IL)-1, induce the expression of  
several important adhesion molecules of ECs 
and promote various coagulation processes. 
Independently, thrombin released by ECs stim-
ulates the production of E-selectin IL-8, further 
promoting fibrinogen formation and platelet 
aggregation [16]. Endothelial protection plays a 
vital role in reducing both thrombotic events 
and mortality [17]. A positive correlation exists 
between platelet activation and disease sever-
ity [18]. Following injury to the blood vessel 
wall, platelets adhere to the damaged EC  
surface, leading to an increase in tissue fac- 
tor (TF)-related procoagulant activity. Surface 
receptors on platelets mediate platelet aggre-
gation by binding fibrinogen and von Willebrand 
factor, while leukocytes form a monolayer over 
aggregated platelets [19]. Leukocytes binding 
to P-selectin exposed on the surfaces of plate-
lets promote the conversion of fibrinogen to 
fibrin [20]. Monocytic cells can directly activate 
factor X [21]. Inflammatory processes, such as 
ischemia-reperfusion injury and acute lung inju-
ry, are also associated with platelets and ECs 
[22, 23]. As has been demonstrated, the direct 
invasion and destruction of vascular ECs by 
novel coronavirus is a primary characteristic 
contributing to the high incidence of thrombotic 
events during COVID-19 pandemic, with under-
lying mechanism remaining consistent [24].

Immune system and coagulation

Both the innate and adaptive immune systems 
are activated after viral and bacterial infection, 
which can lead to coagulopathy. Viral infec-
tions, including severe acute respiratory syn-
drome coronavirus (SARS) [25], Middle East 
respiratory syndrome coronavirus (MERS) [26], 
and COVID-19 [27], cause severe lymphopenia, 
indicating dysregulation of immune response. 
This may be due to a sharp increase in the  
number of circulating lymphocytes bounded  
to platelets, which occurs during homeostatic 
deregulation caused by both infectious and 
noninfectious diseases [28]. It has been revea- 
led that nonspecific antibodies may be pro-

duced and released into the circulation system 
after the immune activation, potentially affect-
ing coagulation. Zhang et al. identified a signifi-
cant elevation of antiphospholipid antibodies  
in COVID-19 patients with coagulopathy [29]. 
Other contributing factors for coagulopathy 
activated by dysregulated immune response 
include abnormal platelet activation [30], endo-
thelial dysfunction [31], and the interference of 
non-specific antibodies with bioactive phos-
pholipids of signaling cascades that activate 
procoagulant response [32].

Assessment for the procoagulant response

Inflammation and immune assessment

Many biomarkers reflect the inflammation 
state, which are mainly categorized into four 
groups: white blood cells (WBC), erythrocyte 
sedimentation rate (ESR), acute-phase protein 
(APP), and cytokines. Neutrophils are vital com-
ponents of the immune system especially dur-
ing bacterial infection. Upon immune system 
activation, leukocytosis occurs, leading to an 
increased proportion of neutrophils. However, 
in the early stage of viral infection, the total 
WBC count may not increase significantly, while 
the proportion of lymphocyte increases. ESR  
is a nonspecific indicator of inflammatory 
response, which can be accelerated in infec-
tious inflammatory diseases, tissue necrosis 
and injury, malignant tumors, multiple causes 
of hyperglobulinemia, hypercholesterolemia, 
and other diseases.

APP refers to the protein whose plasma con-
centration change by at least 25% during 
inflammatory disorders, due to hepatocyte pro-
duction alterations [33]. Common clinical indi-
cators include C3 and C4 from the complement 
system, fibrinogen and D-dimer from the coagu-
lation and fibrinolytic system, C-reactive pro-
tein, and albumin. APP is induced by cytokines 
in inflammatory processes, with pro-inflamma-
tory cytokines such as IL-6, IL-1β, IL-17, TNF-α, 
interferon-γ (IFN-γ), transforming growth factor 
β (TGF-β), and IL-8 playing key roles [34, 35]. 
IL-1β induces autocrine secretion, stimulating 
the synthesis of TNFα, IL-6, IL-8, and RANTES 
chemokine [36]. TNF-α acts synergistically with 
IL-1β, activating similar intracellular signaling 
pathways that enhance inflammation [37-39]. 
IL-6 is recognized as a potent activator of the 
immune system and is elevated in critical ill-
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nesses such as sepsis, acute respiratory dis-
tress syndrome (ARDS), and, most recently, 
COVID-19. While IL-6 is known for its pro-inflam-
matory effects, it can also function as an anti-
inflammatory or protective molecule. Zhang  
et al. demonstrated a negative correlation 
between IL-6 levels and platelet counts, while 
pro-inflammatory factors were positively asso-
ciated with coagulation parameters, particu- 
larly a strong correlation between IL-6 and  
the International Normalized Ratio (INR) (r2 = 
0.444, P < 0.001) [40].

Numerous cytokines, such as IL-4, IL-10, IL-13 
and IL-1RA, are classified as anti-inflammatory 
cytokines that limit systemic off-target effects. 
Regulation of IL-4 can decrease the levels of 
IL-1β, TNFα, and IL-6, as well as the secretion of 
other inflammatory mediators, such as cyclo-
oxygenase-2, phospholipase A2, and inducible 
nitric oxide synthase [41, 42]. In mice with  
collagen-induced arthritis, inflammation was 
shown to enhance the synthesis of anti-inflam-
matory IL-10 and TGF-β, as well as exert inhibi-
tory or excitatory effects on other immune cells 
[43]. IL-10 inhibits the production of TNFα, IL-1, 
IL-6, and IL-12, while down-regulating antigen 
presentation [44]. Further, it can also suppress 
the proliferation of Th17 lymphocytes, which 
synthesize and secrete proinflammatory IL-17 
[45].

Nowadays, cytokines are routinely examined  
in many hospitals. At Peking Union Medical 
College Hospital, we routinely test 12 cyto-
kines, including proinflammatory cytokines (IL-
1β, IL-6, IL-8, IL-17, IFN-γ, TNF-α), anti-inflamma-
tory cytokines (IL-4, IL-10), and other cytokines 
(IL-2, IL-5, IL-12p70, IFN-α). However, few stud-
ies have established links between cytokines 
and the routine coagulation test, warranting 
further exploration. For immune system, the 
most commonly used assessment tool is blood 
routine and peripheral lymphocyte subsets 
[27].

Coagulation tests (Figure 2)

At present, we can monitor nearly the entire 
coagulation process, with the procoagulant 
response serving as an indicator of the seve- 
rity of host response in critically ill patients. 
However, quickly interpreting the complex 
results from various biomarkers remains chal-
lenging. To simplify this, we propose categoriz-

ing the biomarkers into three categories: pro-
cess index, functional index, and outcome 
index. The process index forms the foundation 
of coagulation function, while the outcome 
index needs to be carefully considered to 
achieve ultimate therapeutic goal. If the out-
come index is outside the normal range, each 
functional indicator in the coagulation process 
should be checked to pinpoint the source of  
the coagulopathy. When the functional indexes 
are abnormal, the first step is to find the corre-
sponding process indexes and correct them. 
This allows for a comprehensive and detailed 
evaluation of the procoagulant response. Pro- 
cess indicators include platelet count, coagula-
tion factors, thrombomodulin (TM), thrombin-
antithrombin complex (TAT), α2-plasmin inhibi-
tor-plasmin complex (PIC), tissue plasminogen 
activator inhibitor complex (t-PAIC), protein C 
(PC), protein S (PS), and fibrinogen (Fbg). Func- 
tional indicators include point-of-care (POC) 
test indicators, prothrombin time (PT), activat-
ed partial prothrombin time (APTT) and throm-
bin time (TT). FDP and D-dimer are taken as the 
outcome indicators, as they reflect the result  
of the procoagulant response. In our previous 
research, only 11.1% out of the 9,261 ICU 
patients had normal D-dimer levels. Sensitivity 
analysis showed that these patients had either 
undergone uncomplicated high-risk surgery or 
had very low sequential organ failure assess-
ment (SOFA) score (average SOFA score: 3.3) 
[46].

Process indexes

Key process indicators for thrombosis (TM, TAT, 
PIC, t-PAIC): The four key indicators for throm-
bogenesis are thrombomodulin (TM), thrombin-
antithrombin complex (TAT), α2-plasmin inhibi-
tor-plasmin complex (PIC), and tissue plas- 
minogen activator inhibitor complex (t-PAIC). 
Each reflects a specific aspect of thrombosis 
process.

TM, a transmembrane glycoprotein expressed 
on the surface of endothelial cells, has long 
been considered a potential biomarker of endo-
thelial injury [47]. It inhibits thrombus formation 
by modulating the procoagulant effects of 
thrombin [47]. Under certain conditions, such 
as sepsis and inflammation, endogenous solu-
ble TM (sTM) is produced through proteolytic 
cleavage and released into bloodstream [48]. 
When endothelial cells undergo further injury or 
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rupture, TM is released into blood, forming sTM. 
As the result, compared to other biomarkers, 
sTM indicates more severe endothelial injury. 
Studies have shown that sepsis patients exhibit 
higher serum sTM level than healthy people 
[49]. sTM is an early indicator of vascular endo-
thelial injury, triggering microcirculation dys-
function, promoting infection spread to multiple 
organs, and aggravating the disease [50]. 
Elevated sTM level can predict the morbidity of 

septic shock, sepsis-induced coagulopathy, 
and patient prognosis [51, 52]. Monterio et al. 
demonstrated a strong association between 
TM elevation and increased mortality (Hazard 
Ratio [HR] = 1.003) and organ failure in 
mechanically ventilated children [53]. Despite 
the detection of TM anticoagulant activity in 
soluble fragments, a recombinant form (rTM) 
was developed, which has been shown to inhib-
it thrombin generation by activating protein C 

Figure 2. Coagulation process and different kinds of indicators. Yellow stands for process indexes, blue stands for 
functional indexes, and red stands for outcome indexes. ACT, activated clotting time; APTT, activated partial pro-
thrombin time; CR, clot rate; FDP, fibrin degradation products; PAI-1, plasminogen activator inhibitor 1; PC, protein 
C; PF, platelet function; PIC, α2-plasmininhibitor-plasmin complex; PT, prothrombin time; TAT, thrombin antithrombin 
complex; TT, thrombin time.
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and inactivating factor Va [54, 55]. Yoshimura 
et al. reported that the administering rTM was 
significantly associated with reduced mortality 
among patients with a high mortality risk (HR = 
0.281, 95% CI: 0.093-0.850; P = 0.025) [56].

Factors Xa, Va, calcium, and phospholipid 
membrane convert prothrombin into thrombin. 
The TAT test provides a comprehensive view of 
both EC and pathway activation, directly reflect-
ing the activation of coagulation system. It has 
been used as a marker of coagulation initiation. 
Asakura et al. recommended using TAT to 
assess coagulation disorders in sepsis-related 
disseminated intravascular coagulation (DIC) 
[57].

PIC is formed by plasmin and fibrinolytic system 
α2 plasmin inhibitors, reflecting the degree of 
fibrinolytic activation. PIC levels vary across dif-
ferent diseases and are typically used as an 
indicator of plasmin generation [58]. PIC can 
help predict the formation of thrombus, assist 
the diagnosis of DIC, and most importantly, 
guide antifibrinolytic treatment [59].

The fibrinolytic system is modulated by plas-
minogen activator inhibitor 1 (PAI-1), which 
forms t-PAIC by combining with tissue plasmin-
ogen activator (t-PA). When t-PA binds to PAI-1, 
it becomes inactivated, and thus, t-PAIC inhib-
its fibrinolysis [60]. Studies have shown that 
t-PAIC is closely related to endothelial injury, in 
addition to its role as an early marker of fibrino-
lytic inhibition [61]. t-PAIC has also been linked 
to organ failure caused by microthrombus for-
mation [62].

Other indexes: Quantity and activity of coagu- 
lation factors can help identify the cause of 
coagulation abnormalities accurately. Thrombin 
binds to TM in the presence of PC receptor on 
ECs, acquiring anticoagulant effect by activat-
ing PC [63]. Activated protein C (APC) inhibits 
FVa and FVIIIa to degrade prothrombinase in 
the presence of PS, which slows thrombin gen-
eration processes [64]. In patients with sepsis, 
PC deficiency may result from enhanced con-
sumption, liver dysfunction, or vascular leakage 
[65]. PC deficiency in sepsis is associated with 
hypercoagulable state and increased mortality 
[66].

Fibrinogen is routinely tested in blood coagula-
tion assessment. During coagulation process, 

thrombin activates factor XIII, which converts 
fibrinogen into fibrin. In the presence of plate-
lets, a stable thrombus is formed. Clinically, 
fibrinogen is also a vital biomarker to predict 
prognosis. Lower fibrinogen levels indicate 
higher mortality rates among healthy adults, 
COVID-19 patients, dialysis patients and criti-
cally ill patients [67-70]. Conversely, higher pre-
operative fibrinogen levels may reduce the pos-
sibility of postsurgical bleeding [71]. Meanwhile, 
fibrinogen is directly involved in inflammatory 
processes [72].

Functional indexes

Key functional indicators (PT, APTT, TT): After 
the activation of ECs, inflammation storm 
starts, accompanied by the initiation of coagu-
lation process. Coagulation factors play a criti-
cal role throughout procoagulant response. 
Every coagulation factor can now be quantified. 
Variations in the quantity and quality of these 
factors ultimately lead to functional changes. 
Prothrombin time (PT) and activated partial 
thromboplastin time (APTT) reflect the activa-
tion of extrinsic and intrinsic pathways, respec-
tively. Prolonged PT and APTT indicate a defi-
ciency in coagulation factors or the presence of 
factor antibodies in the serum. A mixing test 
can help identify the etiology. However, one 
drawback is that the testing time for PT and 
APTT is relatively long. TT assesses the ability 
of fibrinogen to convert into fibrin after addition 
of human thrombin. Clinically, TT is sensitive to 
anticoagulation therapy with thrombin (FIIa) 
inhibitors like heparin or dabigatran [73]. TT 
has also been reported to be elevated in COVID-
19 patients, especially those with critical ill-
ness [74].

Indexes of POC test: Viscoelastic coagulation 
test uses whole blood as the test sample to 
reflect the entire coagulation process. It is sim-
ple, fast, and real-time, which is suitable for 
bedside monitoring of coagulation function in 
ICU. On the contrary, traditional coagulation 
tests (such as PT, APTT, or INR) are less  
sensitive and take longer to yield results [75, 
76]. Currently, there are two approaches: the 
Sonoclot/Centuaryclot Analyzer and Thrombe- 
lastogram (TEG)/Rotational Thromboelastome- 
try (ROTEM). TEG and ROTEM share the same 
detection principle, though their detection 
parameters differ slightly. Both approaches 
provide a comprehensive evaluation of the 
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coagulation process and the interaction bet- 
ween coagulation factors and platelets. Most 
importantly, they can monitor coagulation func-
tion dynamically and immediately as needed. 
These methods have been widely used in the 
fields of liver transplantation, cardiac surgery, 
and neurosurgery.

The main indices of TEG include R-time for 
coagulation factor activity, α angle and K-time 
for fibrinogen function, MA (maximum ampli-
tude) for platelet function, and LY30% for fibri-
nolytic function. Whereas Sonoclot/Centuary- 
clot Analyzer has three main indicators: acti-
vated clotting time (ACT) for coagulation factor 
function, clot rate (CR) for fibrinogen function, 
and PF for platelet function. To data, no study 
has specifically focused on the association 
between cytokines and viscoelastic coagula-
tion test parameters. A meta-analysis of 1893 
studies on the relationship between TEG and 
post-injury hypercoagulability and thrombosis 
suggested that an MA > 66.7 mm could be 
used as a diagnostic criterion for trauma-
induced hypercoagulopathy [77]. In addition, a 
retrospective study of 983 trauma patients 
found that 582 (85.1%) patients developed 
hypercoagulοpathy at admission, while 99 
(14.5%) were diagnosed with deep venous 
thrombosis (DVT) by ultrasound. The incidence 
of DVT was significantly higher in trauma 
patients with hypercoagulopathy based on TEG 
than in patients without hypercoagulopathy 
[odds ratio (OR) 2.41, 95% CI: 1.11-5.24, P = 
0.026] [78]. Thus, the viscoelastic coagulation 
test has been recommended for detecting  
trauma-induced hyper-coagulopathy [79]. Vis- 
coelastic coagulation tests are also used to 
identify hypocoagulopathy [80]. POC test is a 
fast and reliable method for evaluation of the 
entire coagulation process.

The parameters of POC test are associated 
with inflammation and prognosis in ICU. Calvet 
et al. demonstrated that besides D-dimer, lysis 
index at 60 minutes had good prediction effect 
on mortality and/or intubation [81]. In a study 
of 50 patients with severe sepsis, MA on admis-
sion was demonstrated as an independent pre-
dictor for 28-day mortality (HR = 4.29, 95% CI: 
1.35 to 13.65) [82]. Hypocoagulable status has 
also been shown to be an independent risk fac-
tor for 30-day mortality (OR = 4.1, 95% CI: 1.4 
to 11.9) [83]. As research continues, it is pos-

sible that more POC test parameters will be 
found to predict clinical outcomes. To data, few 
studies have explored the connections between 
the cytokines and POC coagulation test results.

Outcome indexes

FDP/D-dimer: In the presence of tissue plas-
minogen activator (tPA), fibrinogen is activated 
and converted into fibrinolytic enzymes, initiat-
ing the fibrinolytic process. These enzymes 
degrade fibrin into various soluble fragments, 
forming fibrin degradation products (FDP). FDP 
mainly consists of X-oligomer, D-dimer, inter-
mediate fragments, and fragment E. D-dimer is 
widely used for the diagnosis of DVT and pul-
monary embolus (PE). The level of D-dimer 
mainly reflects the degradation of fibrin, serv-
ing as an outcome indicator for the secon- 
dary hyperfibrinolysis. Quantitative assays for 
D-dimer are commonly used as continuous 
markers of thrombolytic activity in patients 
diagnosed with a procoagulant response. 
However, there are several different methods 
for D-dimer measurement, and these methods 
are not standardized [84]. Thus, D-dimer test 
reports should include the measurement meth-
od to ensure accurate interpretation by physi-
cians [85]. Our research group has focused on 
the relationship between D-dimer and progno-
sis in critical ill patients. A study of 9,261 
patients revealed that elevated D-dimer levels 
can serve as a warning sign of disease severity, 
as D-dimer levels at ICU admission are linked to 
an increased risk of prolonged ventilation time 
and extended ICU stay [46].

Platelet count: A regular blood test offers  
information on platelet count. While platelet 
function may be a more sensitive indicator of 
platelet health, a lower platelet count is still  
significant, often indicating a poorer prognosis 
in sepsis [86]. Approximately 80% of septic 
patients experience some degree of coagulop-
athy, with platelet consumption being the pri-
mary cause of low platelet count. In cases of 
disseminated intravascular coagulation (DIC) in 
septic patients, the uncontrolled systemic acti-
vation of the clotting cascade consumes an 
extremely large number of platelets.

Intervention and therapy

As part of the host response, managing proco-
agulant response should be integrated into 
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bundle therapy, alongside treatment for the  
primary disease, hemodynamic management, 
and controlling the overall host response. Here, 
we emphasize on the intervention of procoagu-
lant response. Assessment and therapy bun-
dles for procoagulant response are summa-
rized in Figure 3.

For hemorrhagic conditions, guidelines have 
proposed clear protocols for blood transfusion 
and using blood products, such as recombinant 
activated factor VII and prothrombin complex 
concentrates [87-89]. Meanwhile, tranexamic 
acid, a natural antagonist of fibrinolytic enzy- 
mes, is widely used as a hemostatic agent. 
Above biomarkers offer a clear direction for 
treatment. POC tests help clinicians pinpoint 
coagulation abnormalities, whether related to 
platelets or clotting pathways, allowing for tar-
geted therapy. For thromboembolic diseases, 
various drugs have been developed for antico-
agulant, antiplatelet, or thrombolytic therapy 
(Table 1). Antiplatelet drugs mainly include 
thromboxane A2 (TXA2) inhibitors (e.g., aspirin), 
P2Y12 receptor antagonists (e.g., clopidogrel, 
ticagrelor), and glycoprotein (GP) I b/III a recep-

tor inhibitor (e.g., abciximab, tirofiban). In addi-
tion to vitamin K antagonists such as warfarin, 
anticoagulants targets either factor X and  
or thrombin. However, in ICU patients with 
abnormal coagulation function, the timing and 
approach to treatment remain uncertain, 
except in cases with clear evidence of thrombo-
embolism. COVID-19, a unique form of virus-
related sepsis, is widely recognized to be asso-
ciated with thrombotic events [24]. Bacterial 
sepsis, the most common and classic cause  
of sepsis in ICU, is also associated with a  
high incidence of coagulation dysfunction. 
Thrombotic phase of DIC and multiorgan dys-
function are notable features in bacterial sep-
sis [90]. Based on the two diseases, we intend 
to propose a therapy framework for managing 
procoagulant response.

In the early phase COVID-19, when the infec- 
tion is localized to the lungs, microthrombosis 
is also confined within the lungs. Patients  
typically exhibit no clinical manifestations in 
this phase, though inflammation markers and 
D-dimer levels are elevated [91]. Other bio-
markers, such as platelet count and PT are 

Figure 3. Assessment and therapy bundles for procoagulant response.
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often in the normal range [92]. Efforts have 
been made to suppress inflammation and cyto-
kine storms to prevent ECs dysfunction and 
platelet activation, interrupting procoagulant 
response at this early stage. As the disease 
progresses, the procoagulant response, regard-
less of pathogen or etiology, tends to follow a 
consistent pattern [46]. D-dimer level is a 
potential indicator of disease severity in COVID-
19 patients [93]. Results from randomized clin-
ical trials suggest that administering therapeu-
tic dose of low molecular weight of heparin 
(LMWH) can reduce major thromboembolic 
events and mortality in non-critical patients 
with D-dimer levels more than 4 times the 
upper limit of normal [94]. In terms of antico-
agulation, therapeutic dose of heparin can 
increase in-hospital survival rate and reduce 
the need for organ support [95]. However, there 
are also studies with negative results regarding 
anti-coagulation therapy, especially in those 
critically ill patients [95-97]. As mentioned 
above, endothelial dysfunction and platelet 
activation play important roles in promoting 
procoagulant response, which has been proved 
by studies from Yale school of Medicine in 
COVID-19 patients [91, 98]. Based on this, a 
daily dose of aspirin (81 mg) was added to  
the guidelines for all hospitalized COVID-19 
patients, regardless of critical illness, which 
was proved to be associated with a lower cumu-
lative incidence of in-hospital mortality (HR 
0.522 [0.336-0.812]) compared to patients 
who did not receive antiplatelet therapy [99]. 
Anti-platelets and anti-coagulation therapies 
are two important parts in the control of proco-
agulant response, although the effect of anti-

platelet therapy is not so prominent in COVID-
19 patients. Further studies are needed to 
demonstrate the importance of antiplatelet 
therapy in specific patient groups. The outcome 
index, D-dimer, remains a key target for both 
ani-platelet and anti-coagulation therapies dur-
ing the pandemic. After integrating various find-
ings, the International Society on Thrombosis 
and Hemostasis (ISTH) published guidelines to 
standardize the use of anticoagulants and anti-
platelet agents in different groups [100]. These 
initiatives confirm the necessity of tailored 
interventions for managing the coagulation 
response in patients.

Sepsis-induced DIC is regarded as the late 
stage of thrombo-inflammatory response, 
which is part of the host-organ response [90]. 
In contrast, sepsis-induced coagulopathy (SIC) 
is considered an earlier phase of DIC [101]. In 
the late stage of DIC, coagulation substrates 
are essential for achieving hemostasis. The 
treatments of SIC include anti-infection to inter-
rupt procoagulant response and correct coagu-
lopathy. Similar therapeutic targets apply to 
COVID-19 patients. In addition to heparin and 
LMWH, other methods such as antithrombin, 
APC, recombinant thrombomodulin, and re- 
combinant tissue factor pathway inhibitor are 
recommended to inhibit early procoagulant 
response, conserve coagulation substrates, 
and ultimately prevent DIC [102].

The therapy for coagulopathy in sepsis and 
COVID-19 highlights the entire procoagulant 
response, from initial EC dysfunction to throm-
bosis. In COVID-19, successful interventions in 

Table 1. The most commonly used antiplatelet and anticoagulant agents
Type Sub-type Representative agents
Antiplatelet agents Thromboxane A2 inhibitors Aspirin

P2Y12 receptor antagonists Clopidogrel/Ticagrelor
Glycoprotein II b/III a receptor inhibitor Asimumab

Tirofiban
Anticoagulant agents Vitamin K antagonist Warfarin

Indirect thrombin inhibitor Heparin
Low Molecular Weight Heparin

Direct thrombin inhibitors Argatroban
Dabigatran

Factor Xa inhibitor Fondaparinux
Rivaroxaban/apixaban/Edoxaban

Fibrinolytic enzyme inhibitor Tranexamic Acid
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non-critical patients indicate that earlier antico-
agulation therapy may improve the prognosis. 
The procoagulant response in these patients is 
moderate and can be managed to prevent 
organ failure and improve prognosis. However, 
in patients with multiple organ failure caused 
by thromboembolism, anticoagulation therapy 
may increase the risk of bleeding while offering 
limited benefits to the compromised organs. 
Therefore, anticoagulation therapy should be 
carried out before organ failure. The therapeu-
tic experience can be extended to both critical 
and non-critical patients.

Conclusion

Procoagulant response is an integral part of 
host response. With advancements in medical 
laboratory technology, we can now monitor the 
entire procoagulant response. Early interven-
tion with anti-inflammation and anti-coagula-
tion therapy can help disrupt the procoagulant 
response, thereby preventing organ failure and 
the progression to DIC. The therapeutic strate-
gies developed for COVID-19 may be applicable 
to a broader patient population.

However, this study still has some limitations. 
Coagulation dysfunction is a broad term encom-
passing any alteration or impairment of hemo-
stasis, which can be caused by various factors 
leading to either bleeding, clotting, or both. For 
example, hemorrhagic and thrombotic coagu-
lopathies arise from different underlying dis-
eases. This study mainly focuses on the inflam-
matory and immune aspects, as well as related 
biomarkers, in the procoagulant response. 
Besides, in the management of coagulopa-
thies, more specific intervention or therapies 
tailored to the underlying cause should be 
considered.
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