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Sepsis and septic shock have been twin enigmas for both clinicians 
and researchers alike. Over several decades, a standard definition, a 
definite pathophysiological pathway, a clinching diagnostic test, and 
an all-encompassing therapeutic solution have all remained elusive. 
The most recent definition of sepsis considers it as a dysregulated host 
immune response to infection.1 Organ dysfunction has been the main 
consequence of such a dysregulated immune response. Dysfunction 
of major organs such as the brain, heart, liver, and kidneys, in the 
context of sepsis, have been well recognized and described. But, the 
most consistent accompaniment of the sepsis syndrome seems to 
be the failure of coagulation. The clinical manifestations of sepsis-
induced coagulopathy (SIC) range from isolated thrombocytopenia 
through mild derangements of coagulation to florid disseminated 
intra-vascular coagulation (DIC).2 Coagulation may be a natural 
defense mechanism operating in the initial phase of sepsis.3 However, 
it could manifest as impairment of fibrinolysis and suppression of anti-
coagulant mechanisms in severe forms of sepsis. Patients with sepsis 
could therefore be either prothrombotic or coagulopathic depending 
on the predominance of the mechanism active at a particular point of 
time. Assessment of the coagulation pattern, therefore, is an integral 
part of the organ function assessment among patients with sepsis. 
Conventionally, the assessment has been carried out using standard 
tests such as platelet count, prothrombin time (PT), international 
normalized ratio (INR), and fibrin degradation products (FDPs) like 
D-Dimer and fibrinogen.4 The availability of tests evaluating the 
anticoagulant proteins and visco-elastic properties of blood has 
strengthened the armamentarium for the diagnostic workup of 
coagulation status in sepsis.

The most important aspect to consider while discussing the 
coagulation abnormalities in Sepsis is the potential cross-talk 
between the inflammatory process and the hemostatic mechanisms. 
It is well recognized that there is a bidirectional interplay between 
inflammation and coagulation during the septic process.4 This 
seems to be a self-sustaining cycle and is driven by high levels 
of proinflammatory mediators such as tumor necrosis factor α 
(TNF-α) and interleukin-6 (IL-6). In addition, the interaction of 
coagulation proteins with cell receptors, results in the modification 
of the inflammatory pathways.5 This interaction is mediated by 
the protease activated receptors (PARs).6 The interaction between 
complement and hemostasis also seems to play an important role 
in the genesis of DIC.7 It is also now well understood that there is 
a significant cross-talk between mediators of inflammation and 
anti-coagulant factors.5 This discussion, would therefore, imply 
that assessment of the coagulation system in sepsis is a complex 
exercise. It is also likely that derangements of coagulation could be 

markers of sepsis in the early stages and could help us in prioritizing 
therapeutic strategy.

The role of conventional tests of coagulation such as PT and 
FDPs, in assessing the severity of sepsis is well documented. 
Thrombocytopenia is a common occurrence in sepsis and is known 
to predict adverse outcomes.8,9 However, thrombocytopenia can 
be a manifestation of an infective process (e.g. tropical disease) 
and is not a phenomenon exclusive to sepsis. Assessment of FDPs 
like D-dimer has often been used to identify the presence of DIC 
among septic patients. However, FDPs can be associated with or 
elevated in several non-infectious conditions (e.g. trauma), and 
mortality in Sepsis is known to occur among those with normal 
FDPs.10,11 Tests of anticoagulation such as PT and INR traditionally 
assess the hemostatic system. The key factor is that these tests tend 
to become abnormal fairly late in the temporal course of sepsis and 
do not assess the cellular components of the coagulation cascade.

The emergence of visco-elastic tests – the thrombo elasto 
graph (TEG) and rotational thrombo elastometry (ROTEM) – as 
bedside tests for the comprehensive evaluation of the hemostatic 
process, has added an informative tool in evaluating patients with 
sepsis.12,13 These methods assess the role of both cellular and plasma 
components of the hemostatic process. These tests have the potential 
to identify hemostatic derangement among septic patients, even 
when the standard tests for coagulation are normal.14 The other 
feature of these tests is that they can identify both hyper- and hypo-
coagulable states associated with sepsis.15 Kim et al. evaluated the 
role of TEG in predicting DIC early among patients with septic shock.16 
In an analysis of close to 900 patients presenting with septic shock to 
an emergency department, TEG values were shown to be different 
between DIC and non-DIC groups. The authors also identified the 
maximum amplitude (MA) as the TEG parameter with the highest 
discriminating power for DIC. An MA value of <60 mm was noted 
to identify DIC with a specificity of 73%. The TEG was performed at 
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the time of recognition of shock. This discriminating power of the 
MA value was comparable to the ability of age, initial lactate level, 
and sequential organ failure assessment (SOFA) score in predicting 
DIC. The same authors evaluated the role of TEG in evaluating 
patients with septic shock who had normal PT and activated partial 
thromboplastin time (APTT) time.17 In this analysis, the authors 
identified certain TEG profiles (α angle <53°, MA <50 mm) that 
predictive of mortality among septic patients who had normal PT and 
APTT. These tests are traditionally viewed as functions of fibrinogen. 
However, the authors did not find any statistical difference in the 
fibrinogen levels between the survivors and non-survivors. This 
probably implies that the TEG parameters are deranged well before 
the plasma markers of coagulopathy show abnormality. Similarly, the 
MA value which is considered to be reflective of the platelet function, 
also showed derangement even when the absolute platelet counts 
were normal. Similar findings were reported in a retrospective study 
among septic patients from China.18 Chen et al. attempted to review 
the role of TEG in predicting SIC by comparing the TEG values among 
septic and non-septic patients. The authors found lower fibrinogen 
levels in the septic group which was not statistically significant. They 
also found that septic patients had higher R and K values on TEG with 
a lower MA and α angle, along with prolonged PT and higher DIC 
scores. They also established a negative correlation between MA and 
α angle with the SOFA score. Based on their findings, the authors 
suggested that the K value of TEG is highly predictive of SIC while α 
angle and MA of TEG are helpful in excluding SIC.

In this edition of the journal, Mohapatra et al.19 report the 
results of their prospective observational study evaluating the 
effect of sepsis and septic shock on the visco-elastic properties of 
clot quality and mass using TEG. They evaluated the TEG profiles 
among 50 patients each with sepsis and septic shock and compared 
it with the corresponding profile among 30 non-septic subjects. 
This evaluation included patients who had a diagnosis of either 
sepsis or septic shock made within the preceding 24 hours of 
administering the TEG test. The SOFA score of the septic shock 
cohort was three points higher than in the septic cohort. In this 
single-center study, the R time, the K time, α angle and the MA value 
were all significantly prolonged among patients with septic shock, 
while the derangement was not very pronounced among those with 
sepsis alone. On the other hand, the authors report that TEG values 
consistent with a hypercoagulable state were consistently seen 
among those with sepsis without shock. A negative correlation was 
shown between TEG markers and fibrinogen. They could not show 
a significant association between TEG markers and platelet count.

It seems quite plausible from the preceding discussion that 
derangements of the coagulation cascade can be picked up 
earlier by viscoelastic testing than with conventional markers of 
coagulation. Platelet counts and PT-INR seem to be deranged a 
little later in the course of sepsis and more specifically septic shock. 
Point-of-care testing has already made its presence felt in the 
emergency room for evaluating sepsis and septic shock (Lactate, 
Base Excess). Application of the principles of TEG to identify those 
in the hypercoagulable phase of sepsis as well as those in the hypo-
coagulable phase might help in strategizing the therapeutic plans. 
This could also provide us with a reliable prognostic tool for sepsis 
which has remained elusive so far.

RefeRences
 1. Singer M, Deutschman CS, Seymour CW, Shankar-Hari M, Annane D, 

Bauer M, et al. The third international consensus definitions for sepsis 

and septic shock (Sepsis-3). JAMA 2016;315(8):801–810. DOI: 10.1001/
jama.2016.0287.

 2. Cecconi M, Evans L, Levy M, Rhodes A. Sepsis and septic shock. Lancet 
2018;392(10141):75–87. DOI: 10.1016/S0140-6736(18)30696-2.

 3. Levi M, van der Poll T. Coagulation and sepsis. Thromb Res 
2017;149:38–44. DOI: 10.1016/j.thromres.2016.11.007.

 4. Giustozzi M, Ehrlinder H, Bongiovanni D, Borovac JA, Guerreiro RA, 
Gasecka A, et al. Coagulopathy and sepsis: Pathophysiology, clinical 
manifestations and treatment. Blood Rev 2021;50:100864. DOI: 
10.1016/j.blre.2021.100864.

 5. Sungurlu S, Kuppy J, Balk RA. Role of antithrombin III and tissue factor 
pathway in the pathogenesis of sepsis. Crit Care Clin 2020;36(2): 
255–265. DOI: 10.1016/j.ccc.2019.12.002.

 6. Petros S, Kliem P, Siegemund T, Siegemund R. Thrombin generation 
in severe sepsis. Thromb Res 2012;129(6):797–800. DOI: 10.1016/j.
thromres.2011.08.004.

 7. Iba T, Ito T, Maruyama I, Jilma B, Brenner T, Müller MC, et al. Potential 
diagnostic markers for disseminated intravascular coagulation 
of sepsis. Blood Rev 2016;30(2):149–155. DOI: 10.1016/j.blre.2015. 
10.002.

 8. Venkata C, Kashyap R, Farmer JC, Afessa B. Thrombocytopenia in adult 
patients with sepsis: Incidence, risk factors, and its association with clinical 
outcome. J Intensive Care 2013;30(1):9. DOI: 10.1186/2052-0492-1-9.

 9. Vanderschueren S, De Weerdt A, Malbrain M, Vankersschaever D, 
Frans E, Wilmer A, et al. Thrombocytopenia and prognosis in intensive 
care. Crit Care Med 2000;28(6):1871–1876. DOI: 10.1097/00003246-
200006000-00031.

 10. Semeraro F, Ammollo CT, Caironi P, Masson S, Latini R, Panigada 
M, et  al. Low D-dimer levels in sepsis: Good or bad? Thromb Res 
2019;174:13–15. DOI: https://doi.org/10.1016/j.thromres.2018.12. 
003.

 11. Favresse J, Lippi G, Roy PM, Chatelain B, Jacqmin H, Ten Cate H, et al. 
D-Dimer: Preanalytical, analytical, postanalytical variables, and 
clinical applications. Crit Rev Clin Lab Sci 2018;55(8):548–577. DOI: 
10.1080/10408363.2018.1529734.

 12. Scarlatescu E, Juffermans NP, Thachil J. The current status of 
viscoelastic testing in septic coagulopathy. Thromb Res 2019;183: 
146–152. DOI: 10.1016/j.thromres.2019.09.029.

 13. Georgiadou P, Sokou R, Tsantes AG, Parastatidou S, Konstantinidi A, 
Houhoula D, et al. The non-activated thromboelastometry (natem) 
assay’s application among adults and neonatal/pediatric population: 
A systematic review. Diagnostics (Basel) 2022;12(3):658. DOI: 10.3390/
diagnostics12030658.

 14. Müller MC, Meijers JC, Vroom MB, Juffermans NP. Utility of throm-
boelastography and/or thromboelastometry in adults with sepsis: A 
systematic review. Crit Care 2014;18(1):R30. DOI: 10.1186/cc13721.

 15. Adamik B, Gozdzik W, Jakubczyk D, Welna M, Kübler A. Coagulation 
abnormalities identified by thromboelastometry in patients with 
severe sepsis: The relationship to endotoxemia and mortality. Blood 
Coagul Fibrinolysis 2017;28(2):163–170. DOI: 10.1097/MBC.0000 
000000000572.

 16. Kim SM, Kim SI, Yu G, Kim JS, Hong SI, Chae B, et al. Role of thromboe-
lastography as an early predictor of disseminated intravascular 
coagulation in patients with septic shock. J Clin Med 2020;9(12):3883. 
DOI: 10.3390/jcm9123883.

 17. Kim SM, Kim SI, Yu G, Kim JS, Hong SI, Chae B, et al. Role of thromboe-
lastography in the evaluation of septic shock patients with normal 
prothrombin time and activated partial thromboplastin time. Sci Rep 
2021;11:11833. https://doi.org/10.1038/s41598-021-91221-3

 18. Luo C, Hu H, Gong J, Zhou Y, Chen Z, Cai S. The value of thromboe-
lastography in the diagnosis of sepsis-induced coagulopathy. Clin 
Appl Thromb Hemost 2020;26:1076029620951847. DOI: 10.1177/ 
1076029620951847.

 19. Mohapatra P, Kumar A, Singh RK, Gupta R, Hussain M, Singh S, et al. 
The effect of sepsis and septic shock on the viscoelastic properties 
of clot quality and mass using thromboelastometry: A prospective 
observational study. Indian J Crit Care Med 2023;27(9):625–634.


	_GoBack

