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Abstract

Thromboelastography and rotational thromboelastometry are the viscoelastic point of  care devices that use whole blood samples to assess 
coagulation and fibrinolysis. These devices give information from initiation of  the coagulation cascade, activation of  clotting factors to fibrin 
cross-linking, and contribution of  fibrinogen and platelet to clot strength and clot lysis. Viscoelastic point of  care tests are well established in 
hypocoaguable states like trauma, cardiac surgery, liver transplantation, and their use in critical care settings with coronavirus disease 2019 
(COVID-19) is not so well-known. We performed a systematic review of  studies on thromboelastography and rotational thromboelastometry 
and their modifications to assess their role in critically ill patients with COVID-19. Inclusion criteria were any kind of  studies using throm-
boelastography or rotational thromboelastometry during coronavirus disease critical illness published in English. Ninety-three articles, from 
December 1, 2019, to August 31, 2020, were identified in the initial search, out of  which 12 articles (a total of  380 patients) satisfied the inclu-
sion and exclusion criteria. Thromboelastography and rotational thromboelastometry were observed to detect the hypercoagulable changes 
and fibrinolysis shutdown associated with COVID-19. Hypercoagulability is associated with an increased risk of  venous thrombosis and 
micro-thrombosis. This review identifies the role of  thromboelastography and rotational thromboelastometry in studying the mechanisms 
contributing to coagulopathy and incidence of  thrombosis in COVID-19.
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Main Points

•	 Thromboelastography (TEG) and rotational thromboelastometry (ROTEM) are able to detect a hypercoagulative state and fibrinolytic shut-
down in coronavirus disease 2019 patients with findings of  higher clot strength and shorter clot propagation time with a prolonged lysis time. 

•	 A hypercoagulable state may be detected early by TEG/ROTEM with serial measurements being more informative in guiding about the 
trend of  coagulation disturbance.

•	 Fibrinolysis shutdown as detected by viscoelastic tests may help in the prediction risk of  thromboembolism.

Introduction

The healthcare system all over the world has been challenged by the novel coronavirus severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2). In a series of  184 critically ill patients infected with coronavirus dis-
ease 2019 (COVID-19), the rate of  venous thromboembolism was observed to be 26% and arterial thrombosis 
was observed to be 3.7%.1 In addition to major venous thromboembolic events, arterial complications including 

DOI:10.5152/TJAR.2021.21118

5

50

Review
Intensive Care

Corresponding author: Pooja Singh, e-mail: pooja.anesth@aiimsbhopal.edu.in Received: February 20, 2021 Accepted: March 25, 2021

http://orcid.org/0000-0002-4200-5948
http://orcid.org/0000-0003-0556-7359
http://orcid.org/0000-0002-5944-607X
http://orcid.org/0000-0002-1205-7237
http://orcid.org/0000-0002-7490-3953
http://orcid.org/0000-0002-2364-2271
http://orcid.org/0000-0003-4147-1637
http://orcid.org/0000-0002-0556-7159
mailto:pooja.anesth@aiimsbhopal.edu.in


Karna et al. TEG and ROTEM in COVID-19 to Predict Hypercoagulability.� Turk J Anaesthesiol Reanim 2022;50(5):332-339

333

myocardial infarctions have been reported in COVID-19.2 

Thromboembolic complications may be a direct cause of  
death in COVID-19. Thrombotic microangiopathy was 
observed in an autopsy series of  patients with COVID-19 in 
the United States.3

With the impact of  change in coagulation homeostasis 
on a patient’s clinical condition, it is imperative to moni-
tor coagulation and fibrinolytic system in patients with 
COVID-19. Prothrombin time (PT)/International nor-
malized ratio (INR)/activated partial thromboplastin time 
(aPTT) measure the clotting activity of  plasma, ignoring 
other contribution of  platelets and fibrinogen whereas 
platelet count remains usually normal in COVID-19, with 
fibrinogen values giving only a quantitative measure, rather 
than a qualitative assessment.4,5

Thromboelastography (TEG) and rotational thromboelas-
tometry (ROTEM) are point of  care (POC) viscoelastic hemo-
static assays that provide an objective graphical evaluation of  
kinetics of  all the stages of  coagulation from initiation and 
propagation of  clot formation till the time it reaches maximum 
strength and finally dissolves.6,7,8-13 Rubulotta et al4 advised use 
of  POC viscoelastic tests in all patients with COVID-19 with 
severe pneumonia as activation of  coagulation and/or fibri-
nolysis may occur as part of  host response. In addition, they 
postulated that technology such as the TEG could guide the 
clinician in understanding this disease by defining specific 
targets for treatment.

We, therefore, conducted a qualitative systematic review of  
retrospective and prospective studies in critically ill patients 
with COVID-19 who underwent viscoelastic POC coagula-
tion tests (TEG/ROTEM) and compared them with conven-
tional coagulation tests (PT/aPTT/platelet count) to assess 
hypercoagulability.

Clinical and Research Consequences

Search Strategy

A comprehensive search strategy was developed following 
a consensus among the co-authors in collaboration with an 
external expert. Online databases were queried by pairing 
the keywords “COVID-19” Or “Coronavirus disease” OR 
“2019-nCoV” with “Thromboelastography” or “Rotational 
Thromboelastometry” along with their modifications. Three 
electronic databases Medline (Pubmed), EMBASE, and 
Google Scholar were searched from December 1, 2019, 
to August 31, 2020. Full text of  all relevant articles was 
obtained and evaluated. The references of  these articles 
were then hand searched manually. This systematic review 
was carried out in accordance with Preferred Reporting 
Items for Systematic reviews and Meta-Analyses (PRISMA) 
guidelines. 

Selection Criteria

Inclusion and exclusion criteria were established for studies 
to be suitable for inclusion in the systematic review to deter-
mine the relevance of  data since we wanted to study how the 
TEG/ROTEM has been used in COVID-19.

Inclusion criteria: (1) We included all publications in critically 
ill patients suffering from COVID-19 and the use of  either 
TEG or ROTEM along with their modifications. (2) Title and 
abstract in the English language. (3) Retrospective and pro-
spective observational and case-control studies were included 
where either TEG or thromboelastometry had been used to 
study coagulation system in patients with COVID illness.

Exclusion Criteria: (1) Animal studies; (2) Viscoelastic 
tests other than ROTEM/TEG or their modifications; 
(3) Correspondence, case report, case series, editorial, erratum/
correction regarding TEG/thromboelastometry; (4) Articles 
not in the English language.

Data Extraction

Three authors searched the electronic databases and 
screened all the titles and abstracts of  the selected arti-
cles independently. Reference list of  relevant studies was 
screened to identify any missing publications. Discrepancies 
were resolved by discussion and consensus. Full text of  
potentially eligible articles was then retrieved for further 
study. The full texts of  selected articles were then screened. 
Quality assessment of  observational and cross-sectional stud-
ies was done using the National Institute of  Health (NIH) 
“Quality Assessment Tool for Observational Cohort and 
Cross-Sectional Studies,” and any discrepancy was resolved 
by consensus opinion of  the authors. The relevant informa-
tion was extracted regarding the role of  TEG and ROTEM 
in detecting changes in the coagulation system in critically ill 
COVID-19 patients admitted to intensive care unit.

Results

Literature Review

The search strategy revealed 93 articles from both manual 
and electronic databases. After removing duplicates, 79 
articles were identified. Subsequent screening of  titles and 
abstracts of  these articles resulted in 17 potentially relevant 
papers describing hypercoagulability and thrombosis with the 
help of  parameters of  viscoelastic hemostatic assays. The full 
texts of  these articles were assessed on the basis of  inclusion 
and exclusion criteria regarding eligibility for inclusion in the 
systematic review.

A total of  12 articles were included in the quantitative 
analysis. The details of  the selection process and specific 
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reasons for exclusion can be found in the PRISMA diagram 
(Figure 1). Maximum studies originated from Italy and 
United States with 4 studies from Italy (1 each from Milan, 
Florence, Lyon, and Padua), along with 4 from the United 
States of  America (1 each from Houston, Indianapolis, 
New York, and Denver). One study each was published 
from Spain, Sweden, London, and Australia. The maxi-
mum number of  publications, that is, 5 were done in June 
2020 followed by 4 in July, 2 in May, and a single publication 
in August 2020.

Characteristics of the Studies

A total of  380 patients who participated in 12 studies during 
the period of  February to August 2020 were assessed. Of  the 
12 included studies, 1 was cross-sectional, 6 were prospective, 
and 5 were retrospective observational study. All the included 
studies were single-center studies. 

According to the type of  viscoelastic test used in the stud-
ies, 6 were based on TEG and 6 on ROTEM. The quality 
of  observational and cross-sectional studies was analyzed 
using the NIH “Quality Assessment Tool for Observational 
Cohort and Cross-Sectional Studies” and is presented in 
Supplementary Table 1. The quality of  the studies was 
mainly fair, but poor in 1 of  the studies. The patient popu-
lations were homogeneous comprising critically ill patients 
with positive reverse transcriptase polymerase chain reaction 
test for COVID-19 infection admitted in COVID intensive 
care unit (ICU). The follow-up periods for patients were not 

defined in 2 studies while it was varied in the rest of  the stud-
ies from 10 days to 2 months. Patient characteristics are pre-
sented in Supplementary Tables 2 and 3. Except in 1 study, 
all the data were obtained from patients admitted in COVID 
ICU without any comparison group. In 1 study, ROTEM val-
ues of  patients admitted in COVID ICU were compared with 
healthy controls. The risk of  bias was low in 4, moderate in 5, 
and serious in 3 trials (Figure 2).14-24

Modifications of  ROTEM used in the studies were as follows: 
INTEM, evaluation of  intrinsic system of  coagulation path-
way; EXTEM, evaluation of  extrinsic coagulation pathways 
with tissue factor; FIBTEM, evaluation of  fibrinogen con-
tribution to blood clot with tissue factor and cytochalasin D 
which blocks contribution of  platelets to maximum clot firm-
ness leaving the impact of  fibrin formation and polymeriza-
tion; and modified TEM-tPA, exogenous tissue plasminogen 
activator is added to assess hypofibrinolysis.

Definitions

Definition of  the parameters assessed in the TEG studies was 
as follows: R time (minutes), which is a measure of  the clot-
ting time (CT) from coagulation initiation to the appearance 
of  the clot; K (minutes); α-angle, which is the velocity of  clot 
formation; MA (mm), which is the maximal amplitude of  the 
clot; and Lys-30 is the percentage decrease of  clot amplitude 
at 30 minutes post-MA. Most of  the included studies with 
TEG have defined hypercoagulability as decreased R time, 
K time, Ly30, and raised α angle as well as MA. Two of  the 

Figure 1. A PRISMA flow diagram.
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studies have also included coagulation index as a measure of  
hypercoagulability and values more than 3 were considered 
significant. 

In ROTEM, the following parameters were analyzed: CT 
in seconds corresponds to the initiation phase of  the clotting 
process from the beginning of  coagulation cascade until the 
increase in amplitude to 2 mm; clot formation time (CFT) in 
seconds reflects the measure of  the propagation phase of  
whole blood clot formation with an increase in amplitude 
starting from 2 to 20 mm; A5 and A10 reflect the clot strength 
at 5 and 10 minutes; maximum clot firmness (MCF) in mm 
is the maximum amplitude in millimeters reached in throm-
boelastogram giving a measure of  clot stability; Ly30 is the 
fibrinolysis at 30 minutes, Ly60 is the fibrinolysis at 60 min-
utes; and maximum Lysis (ML%) is the measure of  fibrinoly-
sis. Most of  the included studies in ROTEM have not clearly 
defined criteria of  hypercoagulability. Most studies have sug-
gested that values above or below the reference range will be 
used to distinguish hypercoagulability. Only one study has 
defined hypercoagulability as short CFT in EXTEM and 
high MCF in both EXTEM and FIBTEM. Fibrinolytic shut-
down is a phenomenon defined as the presence of  elevated 
D-dimer levels and low fibrinolytic activity. Ly30 < 0-0.8% is 
a parameter associated with fibrinolytic shutdown and high 
risk for thrombosis.

T﻿﻿hromboelastography and Rotational 
Thromboelastometry Parameters Associated with 
Hypercoagulability/T﻿﻿hrombosis

Most of  the studies with TEG and ROTEM have assessed 
the incidence of  hypercoagulability in terms of  clinical 

evidence of  thrombosis (clinical or CT imaging) while some 
have assessed hypercoagulability only in terms of  numbers of  
TEG and ROTEM parameters above the reference range. 

Three out of  six studies on TEG have calculated the 
incidence of  venous thrombosis ranging from 25% to 
43% in patients with hypercoagulable TEG parame-
ters.14,15,17 Maatman et  al15 have estimated that 58% of  the 
patients have at least 1 TEG parameter above the reference 
range while 83% of  the patients have 2 or more TEG param-
eters above the reference range. Two studies have assessed 
hypercoagulability in COVID patients directly in terms of  
hypercoagulable TEG parameters.2,16,18 The most common 
parameters associated with hypercoagulable TEG are high 
α-angle and MA and decreased Ly30. Mortus  et  al16 con-
cluded that TEG MA has 100% sensitivity and negative 
predictive value.16 Fibrinolytic shutdown denoted by Ly30 
<0.8% was found in 5 out of  6 studies14-18 (Supplementary 
Table 2).

Five out of  six studies on ROTEM have estimated the 
incidence of  thrombosis, which ranges from 22% to 60% 
in the patients with hypercoagulable ROTEM parame-
ters.19,20,22,23 The most consistent parameter associated with 
hypercoagulability in EXTEM, INTEM, and FIBTEM assay 
is decreased CFT and increased maximum clot firmness 
(MCF). Clot formation time was assessed in 4 out of  6 stud-
ies, while MCF was assessed in 5 out of  6 studies showing 
hypercoagulable values.2,14,15-18 Fibrinolytic shutdown denoted 
by Ly30 = 0 was found in 1 out of  6 studies in EXTEM and 
FIBTEM assay14 (Supplementary Table 3).

Laboratory Parameters Associated with 
Hypercoagulability 

D-dimer and fibrinogen levels are consistently increased in 
all the studies with TEG and ROTEM to assess hyperco-
agulability in COVID-19 patients. In 2 studies, the D-dimer 
cut-off of  >2600 ng/mL was found to be associated with 
thrombosis and fibrinolytic shutdown with an area under 
receiver operator curve of  0.760, sensitivity of  89.7%, and 
specificity of  59.5%.14,15,17 All other laboratory parameters 
(PT, aPTT, and platelet count) remain within normal ref-
erence range and are not associated with an increased risk  
of  thrombosis.

Discussion

In this systematic review of  12 studies involving 380 patients 
with severe COVID-19-related critical illness, we observed 
hypercoagulable TEG/ROTEM findings as evidenced by 
higher clot strength and shorter clot propagation time in most 
studies. Another significant finding noted was the presence of  
fibrinolysis shutdown, which may be a very important contrib-
utor toward disease severity. The conventional laboratory tests 
of  PT/INR, aPTT were observed to be within normal limits, 

Figure 2.  Traffic light plot for assessment of risk of bias.
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with consistent presence of  raised D-dimers and fibrinogen 
in all studies. Though the incidence of  venous thrombosis 
was not analyzed in 3 studies with TEG, it was observed to 
vary from 25% to 43% in patients with hypercoaguable TEG 
in the remaining 3 studies,14,15,17 with a 36% incidence of  
microthrombosis reported in 1 study.14 Five out of  six studies 
in ROTEM have reported the incidence of  thrombosis from 
22% to 60%.19,20,22-24 However, none of  the studies focused 
on the therapeutic use of  TEG/ROTEM to guide treat-
ment. Though we were able to assess our primary outcome of  
hypercoagulability, it was difficult to conduct a metaanalysis as 
data collection was at different time points in different studies.

We observed that PT/INR and aPTT, which are fre-
quently used to guide anticoagulant therapy or prognosti-
cate, remained within normal limits in all studies though 
raised D-dimers and fibrinogen were consistently present. 
D-dimer indicates in vivo thrombus formation and plasmin-
mediated degradation of  cross-linked fibrin. Multisystemic 
manifestations of  COVID-19 may be present with elevated 
circulating D-dimer levels.25-30 However, D-dimers test is non-
specific and may be affected by age, gender, race, immobili-
zation, hemodialysis, active malignancy, rheumatoid arthritis, 
sickle cell disease, and prior thromboembolic disease.31 In 
COVID-19 illness, especially in severe patients, the mecha-
nisms of  elevated D-dimer or thrombosis may include older 
age, chronic diseases, hypoxemia, hypercytokinemia, coagu-
lopathy, and inevitable prolonged bed rest.32 In a recent meta-
analysis, elevated D-dimer and fibrin degradation products 
(FDP), prolonged PT, and decreased antithrombin predict 
higher risk stratification and poorer prognosis in COVID-
19.32 This ambiguity of  conventional laboratory tests further 
sheds light on the significance of  POC viscoelastic tests to 
study characteristics of  coagulopathy.

Viscoelastic POC coagulation tests like TEG and ROTEM 
assess clot formation, strength, and dissolution by measur-
ing the amount of  continuously applied rotational force 
that is transmitted to an electromechanical transduction 
system and displays the result as a graph. The greatest 
advantage of  POC Venous embolism (VE) assays is the 
assessment of  qualitative function of  multiple components 
of  clot formation and lysis in a single rapid assay includ-
ing platelets, fibrinogen, soluble coagulation factors, and 
other blood cellular components. Even in non-COVID 
era, POC viscoelastic assays like TEG and ROTEM have 
been used in critically ill patients.33-37 Endothelial damage 
was observed to be intimately linked with coagulopathy 
in severe sepsis as evidenced by an association between 
higher circulating biomarkers of  sepsis and hypocoagula-
bility.37 Johansson  et  al38 observed that hypocoagulability 
as evaluated by TEG was frequent at admission in general 
ICU patients and associated with a higher rate of  venti-
lator treatment, higher rate of  renal replacement ther-
apy, and higher use of  blood products. They found that 

hypocoagulability is an independent risk factor for 30-day 
mortality. Both procoagulant and anticoagulant states in 
disseminated intravascular coagulopathy (DIC), as indi-
cated with thrombelastography, were demonstrated to have 
good correlations with clinically important organ dysfunc-
tion and survival. Compared with conventional coagula-
tion tests, TEG/ROTEM can detect impaired fibrinolysis, 
which can possibly help to discriminate between sepsis and 
systemic inflammatory response syndrome.36

Mechanism of Coagulation Disturbance in Coronavirus 
Disease 2019

The coagulation disorder in COVID-19 is complicated. 
Various theories of  increased macro- and microthrombotic 
complications in critically ill patients with COVID proposed 
include immune dysregulation, upregulation of  ACE2 recep-
tors with direct viral invasion, and perivascular inflammation 
causing endothelial injury and impairment of  fibrinolytic 
system leading to a prothrombotic state.39-41 The coagula-
tion pattern in severe COVID illness appears to be unique as 
evidenced by the presence of  multiple fibrin thrombi within 
distended small vessels and capillaries and extensive extracel-
lular fibrin thrombi in recent autopsy studies.42

In contrast to the hypocoagulable state noted in sepsis in non-
COVID patients, hypercoagulability was consistently noted in 
most studies using TEG and ROTEM in critically ill patients 
with COVID-19. The mechanism highlighted using viscoelastic 
tests include findings consistent with faster clot formation (CFT, 
α angle) and increased clot strength (MCF, MA) along with the 
presence of  fibrinolysis shutdown. So, the hypercoagulability is 
not just due to hyperfibrinogenemia but also due to impaired 
fibrinolysis. With the interplay between inflammation, cytokine 
storm, and subsequent activation of  coagulation, SARS CoV-2 is 
likely to promote massive fibrin formation. Deposition of  fibrin 
in alveolar and interstitial lung spaces along with microvascular 
thrombosis may worsen respiratory failure. Tissue plasminogen 
activators (tPAs) have a short half-life (3 minutes), whereas plas-
minogen activator inhibitor-1 levels are greatly increased.23 This 
was the reasoning proposed by Collet  et  al23 for the unlikely 
presence of  fibrinolysis in COVID-19 patients with cytokine 
storm. Fibrin deposits are found in lungs due to dysregulation 
of  coagulation and fibrinolytic systems. This approach has been 
used in few case series where thrombolytics with tPA were used 
in refractory cases of  hypoxia, demonstrating improvement in 
PaO2/FiO2 ratio i.e partial pressure of  oxygen to fractional 
inspired oxygen concentration ratio (P/F) ratios with single dose 
or prolonged infusions.43-44 Viscoelastic POC tests may help in 
monitoring the fibrinolytic activity. 

Course of Coagulation Disturbance in Coronavirus 
Disease 2019

It is very important to identify the time of  affliction of  hyper-
coagulable state in COVID-19 to guide precise therapy. 
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Viscoelastic tests suggest that coagulation disturbance may 
be remarkable in the early course of  the disease. Pavoni et al 
studied the temporal association of  ROTEM on the day of  
admission, fifth, and tenth day. They found that though the 
propagation of  clot formation (CFT on INTEM) was more 
rapid in the first 5 days at admission, it normalized by the 
10th day. However, the MCF remained high on INTEM, 
EXTEM, and FIBTEM even till the fifth and tenth day after 
admission with a significant decrease in ML% from admis-
sion to the tenth day, signifying a decrease in fibrinolysis. 
Severe COVID pneumonia was observed to be associated 
with hypercoagulation that persisted over time.22 These find-
ings were supported by Almskog  et  al21 who observed that 
coagulopathy is present early in the course of  the disease. 
Atypical respiratory symptoms observed in COVID-19 may 
partly be caused by thromboembolism impairing lung per-
fusion. Rotational thromboelastometry variables may be 
affected earlier in disease course compared to D-dimers and 
may be of  greater value as predictor of  disease severity. In 
fact, patients with more severe disease may have a more pro-
nounced coagulopathy in COVID-19 patients.21

Prognostication

Thromboelastography may be used in prognostication and 
prediction of  thrombotic episodes. Mortus et al16 observed that 
TEG MA provided 100% sensitivity along with 100% nega-
tive predictive value for thrombotic events, although there was 
no difference in prothrombin time, INR, aPTT, or platelets. 
Higher thrombotic rates were detected with TEG results out-
side of  the normal reference range, with a 62% thrombosis rate. 
They also postulated that underdiagnosis or undertreatment 
of  hypercoagulation may explain the high incidence of  unex-
plained COVID-19 mortalities. Wright  et  al14 observed that 
40% rate of  venous thromboembolism (VTE) was reported in 
patients with fibrinolysis shutdown compared to 5% in those 
without. Further, α angle and D-dimer were significantly asso-
ciated with new-onset need for dialysis. A D-dimer level above 
2600 ng mL-1 was associated with higher need for new-onset 
dialysis (73% vs 17%). They found that a combination of  3 
parameters of  Ly30 of  0%, D-dimer >2600 ng mL-1, and need 
for hemodialysis was associated with VTE in 50% and need of  
hemodialysis in 80% of  patients and may serve as a sensitive 
marker for patients most at risk of  VTE and other thrombotic 
complications.14 Similarly, Maatman et al15 also suggested that 
serial use of  TEG may provide useful insights to guide which 
patients are at higher risks for microvascular and macrovascu-
lar thrombosis. 

Therapeutic Guide

None of  the included studies used TEG/ROTEM to guide 
therapy. However, Almskog et al21 suggested that if  an indi-
vidual at risk of  developing COVID-19-related thrombosis is 
identified at an earlier stage, enhanced prophylaxis with low 
molecular weight heparin (LMWH) may decrease mortality 

in this group of  patients. Viscoelastic tests like TEG or plate-
let function analyzer have also been recommended by the 
Chinese expert consensus on diagnosis and treatment of  
coagulation dysfunction in COVID-19. In the theory of  the 
immune-thrombosis relationship where inflammation and 
thrombin formation are directly correlated, heparin could 
decrease the inflammatory response by blocking thrombin 
formation. The American Society of  Haematology currently 
recommends standard prophylactic dose anticoagulation for 
all COVID-19 patients, reserving therapeutic anticoagula-
tion for those with documented VTE.45 Viscoelastic tests of  
coagulation are easy single bedside tests that can evaluate 
different components and stages of  coagulation and platelet 
function. Rubulotta et al4 have suggested that bedside tech-
nologies like TEG can guide clinician in exploring, learning 
about this new disease, and treating these patients to a more 
specific target.

The quality of  the studies included in the systematic review is 
suboptimal. Among the 12 studies included, 11 were of  fair 
quality whereas 1 was of  poor quality as analyzed using the 
NIH “Quality Assessment Tool for Observational Cohort 
and Cross-Sectional Studies.” The different modifications 
of  ROTEM like EXTEM, INTEM, FIBTEM, or TEM tPA 
are used in different studies. Most of  the studies have only 
documented TEG at a single time point. However, this may 
not be the optimal measure of  a patient’s coagulation profile 
over the duration of  their ICU stay or hospitalization. Most 
studies have not mentioned the time gap between heparin 
and POC testing, which may have had an impact on the test 
result. Similarly, outcomes reported in different studies are dif-
ferent. Though some studies have reported the overall rates of  
thromboembolic events, true occurrence rates of  pulmonary 
embolism are not known or underestimated as many patients 
have not undergone computed tomography scan due to logis-
tic issues. 

Conclusion

This systematic review strongly establishes that TEG/
ROTEM helps in the detection of  hypercoagulation and 
fibrinolysis shutdown. Serial TEG/ROTEM over the course 
of  illness may be more informative in guiding about the trend 
of  coagulation disturbance. They can help in understanding 
the mechanism, time course, and prognostic value of  coagu-
lation disturbance in critically ill patients with COVID-19. 
It is prudent to understand that no test can work in isolation, 
and any tool is only as useful as the acumen of  the clini-
cian for its utilization, for prevention, diagnosis, or to guide 
therapy. Hence, constant vigilance is recommended. Further 
randomized controlled trials with more specific standardiza-
tion of  time of  testing, repeated evaluation, and response to 
therapy so as in order to use these tests as a guide to therapy 
are the need of  the hour. The relationship of  TEG/ROTEM 
to thromboembolic events may be more instructive.



Turk J Anaesthesiol Reanim 2022;50(5):332-339� Karna et al. TEG and ROTEM in COVID-19 to Predict Hypercoagulability.

338

Peer-review: Externally peer-reviewed.

Author Contributions: Concept – S.T.K., P.S.; Design – S.T.K., P.S.; Super-
vision – S.S., J.P.S., V.W.; Resources – A.K.,P.S., Z.A.H.; Materials – G.J.; 
Data Collection and/or Processing – S.T.K., P.S., Z.A.H.; Analysis and/or 
Interpretation – G.J., P.S.; Literature Search – S.T.K., P.S., Z.A.H.; Writing 
Manuscript – S.T.K., P.S.; Critical Review – A.K., S.S., J.P.S., V.W.

Declaration of Interests: The authors have declared that no conflicts of  
interest exist.

Funding: This study received no funding.

References

1.	 Klok FA, Kruip MJHA, van der Meer NJM, et al. Incidence 
of  thrombotic complications in critically ill ICU patients with 
COVID-19. Thromb Res. 2020;191:145-147. [CrossRef]

2.	 Panigada M, Bottino N, Tagliabue P, et al. Hypercoagulability 
of  COVID-19 patients in intensive care unit: a report of  throm-
boelastography findings and other parameters of  hemostasis. J 
Thromb Haemost. 2020;18(7):1738-1742. [CrossRef]

3.	 Fox  SE, Akmatbekov  A, Harbert  JL, Li  G, Quincy Brown  J, 
Vander Heide RS. Pulmonary and cardiac pathology in Afri-
can American patients with COVID-19: an autopsy series from 
New Orleans. Lancet Respir Med. 2020;8(7):681-686. [CrossRef]

4.	 Rubulotta F, Soliman-Aboumarie H, Filbey K, et al. Technolo-
gies to optimize the care of  severe COVID-19 patients for 
health care providers challenged by limited resources. Anesth 
Analg. 2020;131(2):351-364. [CrossRef]

5.	 Arentz M, Yim E, Klaff L, et al. Characteristics and outcomes 
of  21 critically ill patients With COVID-19 in Washington 
State. JAMA. 2020;323(16):1612-1614. [CrossRef]

6.	 Benes J, Zatloukal J, Kletecka J. Viscoelastic methods of  blood 
clotting assessment - a multidisciplinary review. Front Med (Laus-
anne). 2015;2:62. [CrossRef]

7.	 Lang T, Bauters A, Braun SL, et al. Multi-centre investigation 
on reference ranges for ROTEM thromboelastometry. Blood 
Coagul Fibrinolysis. 2005;16(4):301-310. [CrossRef]

8.	 Hawkins RB, Raymond SL, Hartjes T, et al. Review: the perio-
perative use of  thromboelastography for liver transplant 
patients. Transplant Proc. 2018;50(10):3552-3558. [CrossRef]

9.	 Mallett SV. Clinical utility of  viscoelastic tests of  coagulation 
(TEG/ROTEM) in patients with liver disease and during liver 
transplantation. Semin Thromb Hemost. 2015;41(5):527-537. 
[CrossRef]

10.	 Deppe  AC, Weber  C, Zimmermann  J, et al. Point-of-care 
throm​boela​stogr​aphy/​throm​boela​stome​try-b​ased coagulation 
management in cardiac surgery: a meta-analysis of  8332 
patients. J Surg Res. 2016;203(2):424-433. [CrossRef]

11.	 Westbrook AJ, Olsen J, Bailey M, Bates J, Scully M, Salamon-
sen  RF. Protocol based on thromboelastograph (TEG) out-
performs physician preference using laboratory coagulation 
tests to guide blood replacement during and after cardiac sur-
gery: a pilot study. Heart Lung Circ. 2009;18(4):277-288. 
[CrossRef]

12.	 Hunt H, Stanworth S, Curry N, et al. Thromboelastography 
(TEG) and rotational thromboelastometry (ROTEM) for 

trauma induced coagulopathy in adult trauma patients with 
bleeding. Cochrane Database Syst Rev. 2015;2015(2):CD010438. 
[CrossRef]

13.	 Gonzalez E, Moore EE, Moore HB, et al. Goal-directed hemo-
static resuscitation of  trauma-induced coagulopathy: a prag-
matic randomized clinical trial comparing a viscoelastic assay 
to conventional coagulation assays. Ann Surg. 2016;263(6):1051-
1059. [CrossRef]

14.	 Wright FL, Vogler TO, Moore EE, et al. Fibrinolysis shutdown 
correlation with thromboembolic events in severe COVID-19 
infection. J Am Coll Surg. 2020;231(2):193-203.e1. [CrossRef]

15.	 Maatman  TK, Jalali  F, Feizpour  C, et al. Routine venous 
thromboembolism prophylaxis may be inadequate in the 
Hypercoagulable State of  severe coronavirus Disease 2019. Crit 
Care Med. 2020;48(9):e783-e790. [CrossRef]

16.	 Mortus  JR, Manek  SE, Brubaker  LS, et al. Thromboelasto-
graphic results and hypercoagulability syndrome in patients 
With coronavirus Disease 2019 who are critically ill. JAMA Netw 
Open. 2020;3(6):e2011192. [CrossRef]

17.	 Yuriditsky E, Horowitz  JM, Merchan C, et al. Thromboelas-
tography profiles of  critically ill patients with coronavirus dis-
ease 2019. Crit Care Med. 2020;48(9):1319-1326. [CrossRef]

18.	 Patel BV, Arachchillage DJ, Ridge CA, et al. Pulmonary angi-
opathy in severe COVID-19: physiologic, imaging, and hema-
tologic observations. Am J Respir Crit Care Med. 2020;202(5):690-
699. [CrossRef]

19.	 Ibañez C, Perdomo J, Calvo A, et al. High D dimers and low 
global fibrinolysis coexist in COVID19 patients: what is going 
on in there? J Thromb Thrombolysis. 2021;51(2):1-5. [CrossRef]

20.	 Spiezia  L, Boscolo  A, Poletto  F, et al. COVID-19-Related 
severe hypercoagulability in patients admitted to intensive care 
unit for acute respiratory failure. Thromb Haemost. 2020;120(6): 
998-1000. [CrossRef]

21.	 Almskog LM, Wikman A, Svensson J, et al. Rotational throm-
boelastometry results are associated with care level in COVID-
19. J Thromb Thrombolysis. 2021;51(2):437-445. [CrossRef]

22.	 Pavoni  V, Gianesello  L, Pazzi  M, Stera  C, Meconi  T,  
Frigieri  FC. Evaluation of  coagulation function by rotation 
thromboelastometry in critically ill patients with severe COVID-
19 pneumonia. J Thromb Thrombolysis. 2020;50(2):281-286. 
[CrossRef]

23.	 Collett LW, Gluck S, Strickland RM, Reddi BJ. Evaluation of  
coagulation status using viscoelastic testing in intensive care 
patients with coronavirus disease 2019 (COVID-19): an obser-
vational point prevalence cohort study. Aust Crit Care. 
2020;S1036-7314(20):30254-X. [CrossRef]

24.	 Nougier C, Benoit R, Simon M, et al. Hypofibrinolytic state 
and high thrombin generation may play a major role in SARS-
COV2 associated thrombosis. J Thromb Haemost. 2020;18(9):2215-
2219. [CrossRef]

25.	 Guan WJ, Ni ZY, Hu Y, et al. Clinical characteristics of  coro-
navirus disease 2019 in China. N Engl J Med. 2020;382(18):1708-
1720. [CrossRef]

26.	 Zhou F, Yu T, Du R, et al. Clinical course and risk factors for 
mortality of  adult inpatients with COVID-19 in Wuhan, China: 
a retrospective cohort study. Lancet. 2020;395(10229):1054-
1062. [CrossRef]. Erratum in: Lancet. 2020;395(10229):1038.

https://doi.org/10.1016/j.thromres.2020.04.013
https://doi.org/10.1111/jth.14850
https://doi.org/10.1016/S2213-2600(20)30243-5
https://doi.org/10.1213/ANE.0000000000004985
https://doi.org/10.1001/jama.2020.4326
https://doi.org/10.3389/fmed.2015.00062
https://doi.org/10.1097/01.mbc.0000169225.31173.19
https://doi.org/10.1016/j.transproceed.2018.07.032
https://doi.org/10.1055/s-0035-1550434
https://doi.org/10.1016/j.jss.2016.03.008
https://doi.org/10.1016/j.hlc.2008.08.016
https://doi.org/10.1002/14651858.CD010438.pub2
https://doi.org/10.1097/SLA.0000000000001608
https://doi.org/10.1016/j.jamcollsurg.2020.05.007
https://doi.org/10.1097/CCM.0000000000004466
https://doi.org/10.1001/jamanetworkopen.2020.11192
https://doi.org/10.1097/CCM.0000000000004471
https://doi.org/10.1164/rccm.202004-1412OC
https://doi.org/10.1007/s11239-020-02226-0
https://doi.org/10.1055/s-0040-1710018
https://doi.org/10.1007/s11239-020-02312-3
https://doi.org/10.1007/s11239-020-02130-7
https://doi.org/10.1016/j.aucc.2020.07.003
https://doi.org/10.1111/jth.15016
https://doi.org/10.1056/NEJMoa2002032
https://doi.org/10.1016/S0140-6736(20)30566-3


Karna et al. TEG and ROTEM in COVID-19 to Predict Hypercoagulability.� Turk J Anaesthesiol Reanim 2022;50(5):332-339

339

27.	 Huang  C, Wang  Y, Li  X, et al. Clinical features of  patients 
infected with 2019 novel coronavirus in Wuhan, China. Lancet. 
2020;395(10223):497-506. [CrossRef]. Erratum in: Lancet. 
2020.

28.	 Chen N, Zhou M, Dong X, et al. Epidemiological and clinical 
characteristics of  99 cases of  2019 novel coronavirus pneumo-
nia in Wuhan, China: a descriptive study. Lancet. 
2020;395(10223):507-513. [CrossRef]

29.	 Tang N, Li D, Wang X, Sun Z. Abnormal coagulation param-
eters are associated with poor prognosis in patients with novel 
coronavirus pneumonia. J Thromb Haemost. 2020;18(4):844-847. 
[CrossRef]

30.	 Yin  S, Huang  M, Li  D, Tang  N. Difference of  coagulation 
features between severe pneumonia induced by SARS-CoV2 
and non-SARS-CoV2. J Thromb Thrombolysis. 2021;51(4):1-4. 
[CrossRef]

31.	 Kabrhel C, Mark Courtney D, Camargo CA Jr, et al. Factors 
associated with positive D-dimer results in patients evaluated 
for pulmonary embolism. Acad Emerg Med. 2010;17(6):589-597. 
[CrossRef]

32.	 Luo L, Xu M, Du M, et al. Early coagulation tests predict risk 
stratification and prognosis of  COVID-19. Aging (Albany NY). 
2020;12(16):15918-15937. [CrossRef]

33.	 Dempfle CE, Borggrefe M. Point of  care coagulation tests in 
critically ill patients. Semin Thromb Hemost. 2008;34(5):445-450. 
[CrossRef]

34.	 Daudel F, Kessler U, Folly H, Lienert JS, Takala J, Jakob SM. 
Thromboelastometry for the assessment of  coagulation abnor-
malities in early and established adult sepsis: a prospective 
cohort study. Crit Care. 2009;13(2):R42. [CrossRef]

35.	 Collins  PW, Macchiavello  LI, Lewis  SJ, et al. Global tests of  
haemostasis in critically ill patients with severe sepsis syndrome 
compared to controls. Br J Haematol. 2006;135(2):220-227. 
[CrossRef]

36.	 Müller MC, Meijers JC, Vroom MB, Juffermans NP. Utility of  
thromboelastography and/or thromboelastometry in adults 

with sepsis: a systematic review. Crit Care. 2014;18(1):R30. 
[CrossRef]

37.	 Ostrowski SR, Haase N, Müller RB, et al. Association between 
biomarkers of  endothelial injury and hypocoagulability in 
patients with severe sepsis: a prospective study. Crit Care. 
2015;19(1):191. [CrossRef]

38.	 Johansson PI, Stensballe J, Vindeløv N, Perner A, Espersen K. 
Hypocoagulability, as evaluated by thrombelastography, at 
admission to the ICU is associated with increased 30-day 
mortality. Blood Coagul Fibrinolysis. 2010;21(2):168-174. 
[CrossRef]

39.	 Ackermann  M, Verleden  SE, Kuehnel  M, et al. Pulmonary 
vascular endothelialitis, thrombosis, and angiogenesis in Covid-
19. N Engl J Med. 2020;383(2):120-128. [CrossRef]

40.	 Magro C, Mulvey  JJ, Berlin D, et al. Complement associated 
microvascular injury and thrombosis in the pathogenesis of  
severe COVID-19 infection: a report of  five cases. Transl Res. 
2020;220:1-13. [CrossRef]

41.	 Ji HL, Zhao R, Matalon S, Matthay MA. Elevated plasmin(ogen) 
as a common risk factor for COVID-19 susceptibility. Physiol 
Rev. 2020;100(3):1065-1075. [CrossRef]

42.	 Fox SE, Akmatbekov A, Harbert JL, Li G, Quincy Brown J, 
Vander Heide RS. Pulmonary and cardiac pathology in Afri-
can American patients with COVID-19: an autopsy series 
from New Orleans. Lancet Respir Med. 2020;8(7):681-686. 
[CrossRef]

43.	 Wang  J, Hajizadeh  N, Moore  EE, et al. Tissue plasminogen 
activator (tPA) treatment for COVID-19 associated acute res-
piratory distress syndrome (ARDS): a case series. J Thromb Hae-
most. 2020;18(7):1752-1755. [CrossRef]

44.	 Goyal A, Saigal S, Niwariya Y, Sharma J, Singh P. Successful 
use of  tPA for thrombolysis in COVID related ARDS: a case 
series. J Thromb Thrombolysis. 2021;51(2):1-4. [CrossRef]

45.	 Thachil J, Tang N, Gando S, et al. ISTH interim guidance on 
recognition and management of  coagulopathy in COVID-19. 
J Thromb Haemost. 2020;18(5):1023-1026. [CrossRef]

https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1016/S0140-6736(20)30211-7
https://doi.org/10.1111/jth.14768
https://doi.org/10.1007/s11239-020-02105-8
https://doi.org/10.1111/j.1553-2712.2010.00765.x
https://doi.org/10.18632/aging.103581
https://doi.org/10.1055/s-0028-1092874
https://doi.org/10.1186/cc7765
https://doi.org/10.1111/j.1365-2141.2006.06281.x
https://doi.org/10.1186/cc13721
https://doi.org/10.1186/s13054-015-0918-5
https://doi.org/10.1097/MBC.0b013e3283367882
https://doi.org/10.1056/NEJMoa2015432
https://doi.org/10.1016/j.trsl.2020.04.007
https://doi.org/10.1152/physrev.00013.2020
https://doi.org/10.1016/S2213-2600(20)30243-5
https://doi.org/10.1111/jth.14828
https://doi.org/10.1007/s11239-020-02208-2
https://doi.org/10.1111/jth.14810


Su
pp

le
m

en
ta

ry
 T

ab
le

 1
. 

Su
m

m
ar

y 
of

 A
rt

ic
le

s: 
Q

ua
lit

y 
of

 th
e 

St
ud

ie
s W

as
 A

ss
es

se
d 

w
ith

 Q
ua

lit
y 

A
ss

es
sm

en
t T

oo
l f

or
 O

bs
er

va
tio

na
l C

oh
or

t a
nd

 C
ro

ss
-S

ec
tio

na
l S

tu
di

es

S.
 

N
o.

A
ut

ho
rs

St
ud

y 
de

si
gn

D
ur

at
io

n 
of

 th
e 

St
ud

y
In

cl
us

io
n 

C
ri

te
ri

a
Ex

cl
us

io
n 

C
ri

te
ri

a

Ty
pe

 o
f 

V
is

co
el

as
tic

 
Te

st
 U

se
d

M
od

ifi
ca

tio
ns

 
of

 V
is

co
el

as
tic

 
Te

st
 U

se
d

Pr
im

ar
y 

O
ut

co
m

e 
of

 
St

ud
ie

s

Q
ua

lit
y 

A
ss

es
sm

en
t 

G
ra

de
 fo

r 
O

bs
er

va
tio

na
l 

St
ud

ie
s

1.
W

ri
gh

t e
t a

l 
(A

ug
us

t 2
02

0)
O

bs
er

va
tio

na
l 

st
ud

y
M

ar
ch

 1
, 

20
20

, t
o 

A
pr

il 
20

,  
20

20
 

Pa
tie

nt
s 

ad
m

itt
ed

 to
 

C
O

V
ID

 I
C

U
N

ot
 d

efi
ne

d
T

E
G

 -
V

en
ou

s 
th

ro
m

bo
em

bo
lis

m
 

an
d 

ne
w

-o
ns

et
 

re
na

l f
ai

lu
re

 
pr

ed
ic

tio
n

Fa
ir

2
Pa

ni
ga

da
 e

t a
l 

(Ju
ly

 2
02

0)
O

bs
er

va
tio

na
l 

co
ho

rt
 s

tu
dy

N
ot

 
de

fin
ed

Pa
tie

nt
s 

ad
m

itt
ed

 to
 

C
O

V
ID

 I
C

U
N

ot
 d

efi
ne

d
T

E
G

-
H

yp
er

co
ag

ul
ab

ili
ty

 
w

ith
 s

ev
er

e 
in

fla
m

m
at

or
y 

st
at

e

Po
or

3.
M

aa
tm

an
 e

t a
l 

(M
ay

 2
02

0)
Pr

os
pe

ct
iv

e 
ob

se
rv

at
io

na
l 

st
ud

y

M
ar

ch
 1

2 
to

 3
1,

 
20

20

C
ri

tic
al

ly
 il

l C
O

V
ID

 1
9 

pa
tie

nt
s 

ad
m

itt
ed

 in
 

IC
U

Pa
tie

nt
s 

le
ss

 th
an

 1
8 

ye
ar

s
Im

pr
is

on
ed

 p
at

ie
nt

s
Pr

eg
na

nt
 p

at
ie

nt
s

Pa
tie

nt
s 

el
ec

te
d 

fo
r 

co
m

fo
rt

 c
ar

e

T
E

G
-

H
yp

er
co

ag
ul

ab
le

 in
 

50
%

Fa
ir

 

4.
M

or
tu

s 
et

 a
l 

(Ju
ne

 2
02

0)
R

et
ro

sp
ec

tiv
e 

co
ho

rt
 s

tu
dy

M
ar

ch
 1

5 
to

 A
pr

il 
19

, 2
02

0

Pa
tie

nt
s 

ad
m

itt
ed

 to
 

in
st

itu
tio

na
l I

C
U

 fo
r 

R
T

-P
C

R
 c

on
fir

m
ed

 
C

O
V

ID
 1

9 
in

fe
ct

io
n

N
ot

 d
efi

ne
d

T
E

G
W

ith
 h

ep
ar

in
as

e
W

ith
ou

t 
he

pa
ri

na
se

H
yp

er
co

ag
ul

ab
le

Fa
ir

5.
Yu

ri
di

ts
ky

 e
t a

l 
(Ju

ne
 2

02
0)

R
et

ro
sp

ec
tiv

e 
st

ud
y

A
pr

il 
1 

to
 

20
, 2

02
0

Pa
tie

nt
s 

ad
m

itt
ed

 to
 

C
O

V
ID

 I
C

U
 w

ith
 

co
nfi

rm
ed

 R
T

-P
C

R
 te

st

1.
K

no
w

n 
hy

pe
rc

oa
gu

la
bl

e 
st

at
e 

(i.
e.

, F
ac

to
r 

V
 L

ei
de

n)
2.

 A
ct

iv
e 

m
al

ig
na

nc
y

3.
 B

lo
od

 p
ro

du
ct

 tr
an

sf
us

io
n 

w
ith

in
24

 h
ou

rs
 o

f 
th

ro
m

bo
el

as
to

gr
ap

hy
4.

K
no

w
n 

hi
st

or
y 

of
 V

T
E

pr
io

r 
to

 a
dm

is
si

on
s

5.
T

hr
om

bo
cy

to
pe

ni
a 

w
ith

 
pl

at
el

et
s 

le
ss

 th
an

 1
50

6.
A

cu
te

 li
ve

r 
fa

ilu
re

 o
r 

hi
st

or
y 

of
 

ci
rr

ho
si

s
7.

 C
ur

re
nt

ly
 r

ec
ei

vi
ng

an
tip

la
te

le
t t

he
ra

pi
es

T
E

G
W

ith
 h

ep
ar

in
as

e
W

ith
ou

t 
he

pa
ri

na
se

H
yp

er
co

ag
ul

ab
le

Fa
ir

 

6.
Pa

te
l e

t a
l 

(Ju
ne

 2
02

0)
R

et
ro

sp
ec

tiv
e 

ob
se

rv
at

io
na

l 
st

ud
y 

(3
9)

M
ar

ch
 1

7 
to

 A
pr

il 
10

, 2
02

0

L
ab

or
at

or
y-

co
nfi

rm
ed

 
po

si
tiv

e 
C

O
V

ID
-1

9 
in

fe
ct

io
n

M
ec

ha
ni

ca
lly

 v
en

til
at

ed
 

or
 o

n 
E

C
M

O
 w

ith
 

ac
tiv

e 
C

O
V

ID
-1

9 
re

sp
ir

at
or

y 
fa

ilu
re

H
ad

 u
nd

er
go

ne
 C

T
 

pu
lm

on
ar

y 
an

gi
og

ra
ph

y

N
ot

 d
efi

ne
d

T
E

G
C

K
 a

ss
ay

K
ao

lin
 h

ep
ar

in
as

e 
as

sa
y 

(C
K

H
)-M

A
 

ra
is

ed
 a

nd
 L

y 
30

 o
f 

0%

Fa
ir

 

(C
on

tin
ue

d)



S.
 

N
o.

A
ut

ho
rs

St
ud

y 
de

si
gn

D
ur

at
io

n 
of

 th
e 

St
ud

y
In

cl
us

io
n 

C
ri

te
ri

a
Ex

cl
us

io
n 

C
ri

te
ri

a

Ty
pe

 o
f 

V
is

co
el

as
tic

 
Te

st
 U

se
d

M
od

ifi
ca

tio
ns

 
of

 V
is

co
el

as
tic

 
Te

st
 U

se
d

Pr
im

ar
y 

O
ut

co
m

e 
of

 
St

ud
ie

s

Q
ua

lit
y 

A
ss

es
sm

en
t 

G
ra

de
 fo

r 
O

bs
er

va
tio

na
l 

St
ud

ie
s

7.
Ib

an
ez

 e
t a

l 
(Ju

ly
 2

02
0)

Pr
os

pe
ct

iv
e 

co
ho

rt
 

st
ud

y 
(1

9)
 

A
pr

il 
5 

to
 

16
, 2

02
0

 A
du

lt 
pa

tie
nt

s 
ad

m
itt

ed
 

to
 in

st
itu

tio
na

l I
C

U
 fo

r 
co

nfi
rm

ed
 C

O
V

ID
-1

9 
in

fe
ct

io
n

Pa
tie

nt
s 

on
 a

nt
ic

oa
gu

la
nt

 
tr

ea
tm

en
t.

R
O

T
E

M
E

X
T

E
M

IN
T

E
M

 
 

C
lo

t fi
rm

ne
ss

 
(M

C
F)

 r
ai

se
d 

w
ith

 
de

cr
ea

se
d 

fib
ri

no
ly

si
s

Fa
ir

 

8.
Sp

ie
zi

a 
et

 a
l 

(Ju
ne

 2
02

0)
Pr

os
pe

ct
iv

e 
ob

se
rv

at
io

na
l 

st
ud

y 
(2

2)

M
ar

ch
 7

 
to

 1
9,

 
20

20

C
on

se
cu

tiv
e 

pa
tie

nt
s 

ad
m

itt
ed

 to
 in

st
itu

tio
na

l 
IC

U
 fo

r 
ac

ut
e 

re
sp

ir
at

or
y 

di
st

re
ss

 
sy

nd
ro

m
e 

fr
om

 
C

O
V

ID
-1

9 
in

fe
ct

io
n

1.
Pr

ee
xi

st
in

g 
co

ng
en

ita
l b

le
ed

in
g 

or
 th

ro
m

bo
tic

 d
is

or
de

rs
 

2.
 P

re
-e

xi
st

in
g 

ac
qu

ir
ed

 
co

ag
ul

op
at

hi
es

3.
 A

ct
iv

e 
ca

nc
er

 a
nd

/o
r 

ch
em

ot
he

ra
py

 
4.

 P
re

gn
an

cy
5.

A
nt

ic
oa

gu
la

nt
 th

er
ap

y

R
O

T
E

M
IN

T
E

M
E

X
T

E
M

FI
B

T
E

M

H
yp

er
co

ag
ul

ab
le

, 
sh

or
te

r 
C

FT
 in

 
E

X
T

E
M

 a
nd

 
IN

T
E

M
 a

nd
 

hi
gh

er
 M

C
F 

in
 a

ll 
3

Fa
ir

9.
A

lm
sk

og
 e

t a
l 

(Ju
ne

 2
02

0)
Pr

os
pe

ct
iv

e 
O

bs
er

va
tio

na
l 

St
ud

y 
(6

0 
ca

se
s 

an
d 

89
 c

on
tr

ol
s)

M
ar

ch
 8

 
to

 3
1,

 
20

20

Pa
tie

nt
s 

ov
er

 1
8 

ye
ar

s 
of

 
ag

e
Pa

tie
nt

s 
te

st
ed

 p
os

iti
ve

 
fo

r 
C

O
V

ID
-1

9 
in

fe
ct

io
n 

an
d 

in
 n

ee
d 

of
 h

os
pi

ta
l 

ca
re

N
ot

 d
efi

ne
d

R
O

T
E

M
E

X
T

E
M

, 
FI

B
T

E
M

E
X

T
E

M
/

FI
B

T
E

M
-M

C
F 

si
gn

ifi
ca

nt
ly

 h
ig

he
r 

th
an

 c
on

tr
ol

s 
an

d 
le

ss
 s

ev
er

el
y 

ill
E

X
T

E
M

-C
FT

 
sh

or
te

r 
th

an
 in

 
co

nt
ro

ls

Fa
ir

 

10
.

Pa
vo

ni
 e

t a
l 

(M
ay

 2
02

0)
 

R
et

ro
sp

ec
tiv

e 
ob

se
rv

at
io

na
l 

st
ud

y 
(4

0)

Fe
br

ua
ry

 
28

 to
 A

pr
il 

10
, 2

02
0

Pa
tie

nt
s 

≥
 1

8 
ye

ar
s

Se
ve

re
 d

is
ea

se
 w

ith
 

C
O

V
ID

-1
9 

re
qu

ir
in

g 
IC

U
 a

dm
is

si
on

N
ot

 d
efi

ne
d

R
O

T
E

M
IN

T
E

M
E

X
T

E
M

FI
B

T
E

M

H
yp

er
co

ag
ul

ab
ili

ty
Fa

ir
 

11
.

C
ol

le
t e

t a
l 

(Ju
ly

 2
02

0)
R

et
ro

sp
ec

tiv
e 

ob
se

rv
at

io
na

l p
oi

nt
 

pr
ev

al
en

ce
 c

oh
or

t 
st

ud
y 

(6
)

A
pr

il 
20

20
Pa

tie
nt

s 
≥

 1
8 

ye
ar

s 
ol

d 
ad

m
itt

ed
 to

 I
C

U
C

O
V

ID
-1

9-
as

so
ci

at
ed

 
re

sp
ir

at
or

y 
fa

ilu
re

N
ot

 d
efi

ne
d

R
O

T
E

M
-

Su
pr

an
or

m
al

 c
lo

t 
fir

m
ne

ss
, m

in
im

al
 

fib
ri

no
ly

si
s

Fa
ir

 

12
.

N
ou

gi
er

 e
t a

l 
(Ju

ly
 2

02
0)

 P
ro

sp
ec

tiv
e 

ob
se

rv
at

io
na

l 
st

ud
y 

(7
8)

(T
E

M
-t

PA
 u

se
d 

in
 

23
 c

as
es

)

N
ot

 
de

fin
ed

A
du

lt 
pa

tie
nt

s
Pa

tie
nt

s 
w

ith
 p

os
iti

ve
 

C
O

V
ID

 R
T

-P
C

R
 te

st

 N
ot

 d
efi

ne
d

R
O

T
E

M
 tP

A
-m

od
ifi

ed
 

R
O

T
E

M
 (t

PA
 

0.
62

5 
µg

 m
l−

1 )

H
ig

he
r 

M
C

F 
an

d 
L

y3
0

Fa
ir

C
T,

 c
om

pu
te

d 
to

m
og

ra
ph

y;
 T

E
G

, 
th

ro
m

bo
el

as
to

gr
ap

hy
; 

E
C

M
O

, 
ex

tr
ac

or
po

re
al

 m
em

br
an

e 
ox

yg
en

at
io

n;
 C

FT
, 

cl
ot

 f
or

m
at

io
n 

tim
e;

 C
O

V
ID

, 
co

ro
na

vi
ru

s 
di

se
as

e;
 I

C
U

, 
in

te
ns

iv
e 

ca
re

 u
ni

t; 
R

T
-P

C
R

, 
re

ve
rs

e 
tr

an
sc

ri
pt

as
e 

po
ly

m
er

as
e 

ch
ai

n 
re

ac
tio

n;
 M

C
F,

 m
ax

im
um

 c
lo

t fi
rm

ne
ss

; T
E

M
-t

PA
, m

od
ifi

ed
 R

O
T

E
M

 a
ss

ay
 b

y 
ad

di
ng

 e
xo

ge
no

us
 tP

A
; L

y3
0,

 ly
si

s a
t 3

0 
m

in
; E

X
T

E
M

, e
xt

ri
ns

ic
 c

oa
gu

la
tio

n 
pa

th
w

ay
; 

IN
T

E
M

, i
nt

ri
ns

ic
 c

oa
gu

la
tio

n 
pa

th
w

ay
, F

IB
T

E
M

, fi
br

in
og

en
 fu

nc
tio

n;
 R

O
T

E
M

. r
ot

at
io

na
l t

hr
om

bo
el

as
to

m
et

ry
.

Su
pp

le
m

en
ta

ry
 T

ab
le

 1
. 

Su
m

m
ar

y 
of

 A
rt

ic
le

s: 
Q

ua
lit

y 
of

 th
e 

St
ud

ie
s W

as
 A

ss
es

se
d 

w
ith

 Q
ua

lit
y 

A
ss

es
sm

en
t T

oo
l f

or
 O

bs
er

va
tio

na
l C

oh
or

t a
nd

 C
ro

ss
-S

ec
tio

na
l S

tu
di

es
 

(C
on
tin

ue
d)



Su
pp

le
m

en
ta

ry
 T

ab
le

 2
. 

St
ud

ie
s S

ho
w

in
g 

H
yp

er
co

ag
ul

ab
ili

ty
 Th

ro
ug

h 
Th

ro
m

bo
el

as
to

gr
ap

hy
 a

nd
 L

ab
or

at
or

y 
C

oa
gu

la
tio

n 
Pa

ra
m

et
er

s

S.
 N

o.
A

ut
ho

r

Th
ro

m
bo

el
as

to
gr

ap
hy

 P
ar

am
et

er
s

La
bo

ra
to

ry
 C

oa
gu

la
tio

n 
Pa

ra
m

et
er

s
In

ci
de

nc
e 

of
 Th

ro
m

bo
si

s a
nd

/o
r 

H
yp

er
co

ag
ul

ab
ili

ty
C

oa
gu

la
tio

n 
Pa

ra
m

et
er

s 
(T

EG
 a

nd
 L

C
P)

 A
ss

oc
ia

te
d 

w
ith

 
H

yp
er

co
ag

ul
ab

ili
ty

 R
 (m

in
) 

K
 (m

in
)

α 
(˚

)
M

A
 (m

m
)

Ly
30

 (%
)

D
-D

im
er

  
(n

g 
m

L-1
)

Fi
br

in
og

en
 

(m
g 

dL
-1

)

Pl
at

el
et

 
C

ou
nt

 
(1

09  L
-1

)

1.
W

ri
gh

t e
t a

l*
(n

 =
 4

4)
5.

8 
(4

.8
-8

.6
)

-
71

 (6
6-

74
)

73
 (6

7-
77

)
0 

(0
-0

.4
)

18
40

 (9
35

-8
04

5)
65

8 
(5

60
-7

79
)

23
2 

(1
86

-2
98

)
V

T
E

 (2
5%

)
R

en
al

 fa
ilu

re
 (m

ic
ro

th
ro

m
bo

si
s) 

(3
6%

)
L

y3
0 

=
 0

 (P
 =

 .0
22

) a
nd

 D
-d

im
er

 >
26

00
 

ng
/m

L
 (P

 =
 .0

05
) i

s 
as

so
ci

at
ed

 w
ith

 
V

T
E

 =
 5

0%
 

H
em

od
ia

ly
si

s =
 8

0%
 

2.
Pa

ni
ga

da
 e

t a
lᶧ

(n
 =

 3
0)

6.
3

1.
5

69
.4

79
.1

7.
8

48
77

68
0

34
8

In
ci

de
nc

e 
of

 th
ro

m
bo

si
s 

no
t a

na
ly

ze
d

K
 a

nd
 L

y3
0 

de
cr

ea
se

d 
(9

0%
-1

00
%

 o
f 

ca
se

s)
α 

an
d 

M
A

 in
cr

ea
se

d 
(7

7%
-8

7%
 o

f 
ca

se
s)

D
-d

im
er

 a
nd

 fi
br

in
og

en
 in

cr
ea

se
d 

(9
3%

-1
00

%
 o

f 
ca

se
s)

3.
M

aa
tm

an
 e

t a
lᶤ*

(n
=

12
)

4.
8 

±
 1

.1
 

1.
4 

±
 1

.1
69

.6
 ±

 
10

.9
 

70
.8

 ±
 8

.5
0.

8 
±

 0
.9

40
46

 (3
07

1-
13

 
32

4)
65

1 
(4

65
-7

71
)

29
4 

(2
23

-3
40

)
T

hr
om

bo
si

s 
in

 p
at

ie
nt

s 
w

ith
 

hy
pe

rc
oa

gu
la

bl
e 

T
E

G
 =

 4
3%

H
yp

er
co

ag
ul

ab
ili

ty
 a

cc
or

di
ng

 to
 

O
ne

 p
ar

am
et

er
 =

 5
8%

T
w

o 
pa

ra
m

et
er

s =
 8

3%

4.
M

or
tu

s 
et

 a
l¶

(n
 =

 2
1)

10
 (1

1)
-

60
 (2

3)
67

 (1
7)

0.
9 

(1
.8

)
83

00
 (7

00
0)

74
0 

(2
40

)
21

0 
(1

00
)

In
ci

de
nc

e 
of

 th
ro

m
bo

si
s 

no
t a

na
ly

ze
d.

74
%

 (1
4/

21
) h

as
 in

cr
ea

se
d 

α 
an

d 
M

A
28

%
 (5

/2
1)

 h
as

 in
cr

ea
se

d 
M

A
 o

nl
y

T
E

G
-M

A
 h

as
 1

00
%

 s
en

si
tiv

ity
 a

nd
 

ne
ga

tiv
e 

pr
ed

ic
tiv

e 
va

lu
e

5.
Yu

ri
di

ts
ky

 e
t a

l
(n

 =
 6

4)
5.

25
 

(4
.5

-7
.6

)
0.

8 
(0

.8
-1

)
77

.3
 

(7
5.

4-
79

)
76

.2
 

(7
2.

1-
81

)
0 

(0
-0

.3
8)

27
79

 (1
97

2-
55

75
)

71
1 

(4
96

-8
53

)
26

6 
(1

97
-3

26
)

V
T

E
 =

 3
1%

50
%

 p
at

ie
nt

s 
ha

d 
C

I 
>

 3
.

D
ec

re
as

ed
 R

 a
nd

 K
 ti

m
es

 in
 4

3.
8%

 
In

cr
ea

se
d 

α 
an

gl
e 

an
d 

M
A

 in
 7

0.
3%

 a
nd

 
60

.1
%

, r
es

pe
ct

iv
el

y

6.
Pa

te
l e

t a
lᶤ

(n
 =

 3
9)

11
.3

 (4
.3

-
8.

3)
1.

3 
(0

.8
-

1.
9)

75
.7

 (6
4-

77
)

70
.6

 (5
2-

69
) 

(C
K

H
-M

A
)

48
.5

 (1
5-

32
) 

(C
itr

at
ed

 
fu

nc
tio

na
l 

fib
ri

no
ge

n 
[C

FF
]-

M
A

)

0 
(0

-2
.2

)
64

40
 ±

 1
0 

43
4

66
0 

±
 1

90
27

2 
±

 7
7

In
ci

de
nc

e 
of

 th
ro

m
bo

si
s 

no
t a

na
ly

ze
d

R
ai

se
d 

M
A

 a
nd

 a
bs

en
ce

 o
f 

fib
ri

no
ly

si
s.

54
%

 (2
1/

39
) h

av
e 

hi
gh

er
 M

A
 (m

ed
ia

n 
va

lu
e =

 6
9.

2)
74

%
 (2

9/
31

) h
av

e 
hi

gh
er

 fu
nc

tio
na

l 
fib

ri
no

ge
n 

le
ve

ls 
(m

ed
ia

n 
va

lu
e =

 5
6 

m
m

) 
10

0%
 p

at
ie

nt
s 

ha
d 

L
y3

0 
=

 0
%

 
(fi

br
in

ol
ys

is
 s

hu
td

ow
n)

*D
at

a 
ar

e 
ex

pr
es

se
d 

in
 m

ed
ia

n 
an

d 
in

te
rq

ua
rt

ile
 r

an
ge

. ᶧ
D

at
a 

ar
e 

ex
pr

es
se

d 
as

 m
ea

n.
 ᶤD

at
a 

ar
e 

ex
pr

es
se

d 
as

 m
ea

n 
±

 s
ta

nd
ar

d 
de

vi
at

io
n 

(S
D

). 
¶ D

at
a 

ar
e 

ex
pr

es
se

d 
as

 m
ea

n 
(S

D
).

R
, r

ea
ct

io
n 

tim
e,

 m
ea

su
re

 o
f 

th
e 

cl
ot

tin
g 

tim
e 

fr
om

 th
e 

po
in

t o
f 

co
ag

ul
at

io
n 

ig
ni

tio
n 

to
 th

e 
ap

pe
ar

an
ce

 o
f 

th
e 

cl
ot

; K
, k

in
et

ic
s, 

th
e 

tim
e 

fr
om

 in
iti

at
io

n 
of

 c
lo

t f
or

m
at

io
n 

to
 a

n 
am

pl
itu

de
 o

f 
20

 m
m

; α
, a

lp
ha

 
an

gl
e,

 d
en

ot
es

 v
el

oc
ity

 o
f 

cl
ot

 fo
rm

at
io

n;
 M

A
, m

ax
im

um
 a

m
pl

itu
de

, d
en

ot
es

 m
ax

im
al

 a
m

pl
itu

de
 o

f 
th

e 
cl

ot
 in

 m
m

; L
y3

0,
  p

er
ce

nt
ag

e 
of

 c
lo

t l
ys

is
 a

t 3
0 

m
in

ut
es

 a
fte

r 
m

ax
im

um
 a

m
pl

itu
de

; T
E

G
, t

hr
om

-
bo

el
as

to
gr

ap
hy

; L
C

P,
 la

bo
ra

to
ry

 c
oa

gu
la

tio
n 

pa
ra

m
et

er
s.



Su
pp

le
m

en
ta

ry
 T

ab
le

 3
. 

St
ud

ie
s S

ho
w

in
g 

H
yp

er
co

ag
ul

ab
ili

ty
 Th

ro
ug

h 
RO

TE
M

 a
nd

 L
ab

or
at

or
y 

C
oa

gu
la

tio
n 

A
ss

ay

S.
 N

o.
A

ut
ho

r

RO
TE

M
La

bo
ra

to
ry

 C
oa

gu
la

tio
n 

Pa
ra

m
et

er
s (

LC
P)

 
In

ci
de

nc
e 

of
 Th

ro
m

bo
si

s a
nd

/o
r 

H
yp

er
co

ag
ul

ab
ili

ty
C

oa
gu

la
tio

n 
Pa

ra
m

et
er

s (
RO

TE
M

/L
C

P)
A

ss
oc

ia
te

d 
w

ith
 H

yp
er

co
ag

ul
ab

ili
ty

EX
TE

M
IN

TE
M

FI
BT

EM
v

D
 D

im
er

 
(n

g 
m

L-1
)

Fi
br

in
og

en
 

(m
g 

dL
-1

)
Pl

at
el

et
s, 

(×
 1

09  L
-1

)
1.

Ib
an

ez
 e

t a
l.*

(n
 =

 1
9)

C
T

 (s
ec

on
ds

)
78

 (6
3-

91
)

C
FT

 (s
ec

on
ds

)
41

 (4
0-

53
)

M
C

F 
(m

m
)

74
 (7

1-
76

)
LY

30
%

 
10

0 
(1

00
-1

00
)

LY
60

 %
 

99
 (9

7-
10

0)

C
T

 (s
ec

on
ds

)
17

3 
(1

63
-2

01
)

C
FT

 (s
ec

on
ds

)
51

 (4
4-

64
)

M
C

F 
(m

m
)

70
 (6

7-
73

)

M
C

F 
(m

m
)

30
 (2

4-
34

)
LY

30
%

 
10

0 
(1

00
-1

00
)

LY
 6

0 
%

 
10

0 
(1

00
-1

00
)

10
00

 
(6

00
-4

20
0)

62
0 

(4
80

-7
60

)
23

6 
(1

36
-3

64
)

7/
19

 (3
6.

8%
)

M
C

F 
in

cr
ea

se
d 

in
:

E
X

T
E

M
 

FI
B

T
E

M
 

L
y3

0 
an

d 
L

y6
0 

in
cr

ea
se

d 
in

: 
E

X
T

E
M

 
FI

B
T

E
M

 
D

-d
im

er
 a

nd
 fi

br
in

og
en

 in
cr

ea
se

d 

2.
Sp

ie
zi

a 
et

 a
lᶤ 

(n
=

22
)

C
T

 (s
ec

on
ds

) 7
5 

±
 

16 C
FT

 (s
ec

on
ds

) 6
6 

±
 2

0
M

C
F 

(m
m

) 6
9 

±
 

6

C
T

 (s
ec

on
ds

) 
18

5 
±

 4
9

C
FT

 (s
ec

on
ds

) 
57

 ±
 1

3
M

C
F 

(m
m

) 6
8 

±
 6

M
C

F 
(m

m
)

53
43

 ±
 

20
99

51
7 

±
 1

48
 

24
9 

±
 1

19
5/

22
 (2

2.
7%

)
C

FT
 d

ec
re

as
ed

 in
:

E
X

T
E

M
 

IN
T

E
M

M
C

F 
in

cr
ea

se
d 

in
:

E
X

T
E

M
IN

T
E

M
 

FI
B

T
E

M
.

3.
A

lm
sk

og
 e

t a
l., 

(n
 =

 6
0)

C
T

 (s
ec

on
ds

) 7
1 

(6
8-

75
)

C
FT

 (s
ec

on
ds

) 4
9 

(4
3-

63
)

M
C

F 
(m

m
) 7

1 
(6

8-
75

)

 -
M

C
F 

(m
m

) 2
9 

(2
4-

33
)

70
0 

(5
00

-1
50

0)
57

0 
(4

30
-6

90
) 

22
1 

(1
81

-2
27

)
In

ci
de

nc
e 

of
 th

ro
m

bo
si

s 
no

t a
na

ly
ze

d
C

T
 in

cr
ea

se
d 

in
 

E
X

T
E

M
M

C
F 

in
cr

ea
se

d 
in

 
E

X
T

E
M

 
FI

B
T

E
M

C
FT

 d
ec

re
as

ed
 in

E
X

T
E

M
Pl

at
el

et
 c

ou
nt

 d
ec

re
as

ed
 

D
-d

im
er

 a
nd

 fi
br

in
og

en
 in

cr
ea

se
d

4.
Pa

vo
ni

 e
t a

lᶤ 

(n
 =

 4
0)

C
T

 (s
ec

on
ds

) 7
8.

3 
±

 1
7.

2
C

FT
 (s

ec
on

ds
) 

41
.6

 ±
 1

1.
4

M
C

F 
(m

m
) 7

6.
6 

±
 6

.4

C
T

 (s
ec

on
ds

) 
17

4.
6 

±
 2

6.
2 

 C
FT

 (s
ec

on
ds

) 
38

.8
 ±

 1
2.

1 
 M

C
F 

(m
m

) 
74

.9
 ±

 6
.9

M
C

F 
(m

m
) 

35
.9

 ±
 5

.9
15

56
 ±

 
10

90
89

5 
±

 1
10

31
7.

5 
±

 1
68

6/
40

 (1
5%

) D
V

T
12

/4
0 

(3
0%

) c
at

he
te

r 
re

la
te

d 
th

ro
m

bo
si

s
2/

40
 (5

%
) P

ul
m

on
ar

y 
em

bo
lis

m
C

FT
 d

ec
re

as
ed

 in
IN

T
E

M
: 1

6/
40

 (4
0%

) 
E

X
T

E
M

: 2
0/

40
 (5

0%
) 

M
C

F 
in

cr
ea

se
d 

in
 

IN
T

E
M

: 2
0/

40
 (5

0%
)

E
X

T
E

M
: 2

8/
40

 (7
0%

)
FI

B
T

E
M

: 2
9/

40
 (7

2.
5%

)

(C
on

tin
ue

d)



S.
 N

o.
A

ut
ho

r

RO
TE

M
La

bo
ra

to
ry

 C
oa

gu
la

tio
n 

Pa
ra

m
et

er
s (

LC
P)

 
In

ci
de

nc
e 

of
 Th

ro
m

bo
si

s a
nd

/o
r 

H
yp

er
co

ag
ul

ab
ili

ty
C

oa
gu

la
tio

n 
Pa

ra
m

et
er

s (
RO

TE
M

/L
C

P)
A

ss
oc

ia
te

d 
w

ith
 H

yp
er

co
ag

ul
ab

ili
ty

EX
TE

M
IN

TE
M

FI
BT

EM
v

D
 D

im
er

 
(n

g 
m

L-1
)

Fi
br

in
og

en
 

(m
g 

dL
-1

)
Pl

at
el

et
s, 

(×
 1

09  L
-1

)
5.

C
ol

le
tt

 e
t a

l* 

(n
 =

 6
)

C
FT

 (s
ec

on
ds

) 
48

.5
 (4

1-
60

.5
)

M
C

F 
(m

m
) 7

4.
5 

(7
2.

5 
-7

9.
5)

C
FT

 (s
ec

on
ds

) 
39

.5
 (3

4.
75

-5
1)

M
C

F,
 m

m
 

75
.5

 
(7

2.
75

-7
7.

5)

M
C

F 
(m

m
) 3

8 
(3

0.
5-

45
.5

)
61

00
 

(2
58

5-
96

60
)

75
0 

(7
20

-8
07

)
29

0.
5 

(2
13

-3
38

)
2/

6 
(3

3%
)

C
FT

 d
ec

re
as

ed
 in

:
E

X
T

E
M

 (3
3%

) 
IN

T
E

M
 (8

3%
)

M
C

F 
in

cr
ea

se
d 

in
:

E
X

T
E

M
 (8

3%
)

IN
T

E
M

 (8
3%

) 
FI

B
T

E
M

 (1
00

%
)

6.
N

ou
gi

er
 e

t a
lᶤ

(n
 =

 2
3)

T
E

M
-t

PA
M

C
F 

(m
m

) 6
2.

3 
±

 1
0 

L
y3

0,
 %

 6
3 

±
 3

9

 -
 -

34
56

 ±
 

26
41

61
0 

±
 1

90
-

14
/2

3 
(6

0.
8%

)
L

y3
0%

 in
cr

ea
se

d
(P

 <
 .0

29
)

D
-d

im
er

 in
cr

ea
se

d 

*D
at

a 
ex

pr
es

se
d 

as
 m

ed
ia

n 
an

d 
in

te
rq

ua
rt

ile
 r

an
ge

. ᶧ
D

at
a 

ar
e 

ex
pr

es
se

d 
as

 m
ea

n.
 ᶤD

at
a 

ar
e 

ex
pr

es
se

d 
as

 m
ea

n 
±

 s
ta

nd
ar

d 
de

vi
at

io
n 

(S
D

). 
¶ D

at
a 

ar
e 

ex
pr

es
se

d 
as

 m
ea

n 
(S

D
).

C
T,

 c
lo

tt
in

g 
tim

e;
 C

FT
, c

lo
t f

or
m

at
io

n 
tim

e;
 M

C
F,

 m
ax

im
um

 c
lo

t fi
rm

ne
ss

; L
y3

0,
 ly

si
s 

at
 3

0 
m

in
ut

es
; L

y6
0,

 ly
si

s 
at

 6
0 

m
in

ut
es

; T
E

M
-t

PA
, m

od
ifi

ed
 R

O
T

E
M

 a
ss

ay
 b

y 
ad

di
ng

 e
xo

ge
no

us
 tP

A
; E

X
T

E
M

, 
ex

tr
in

si
c 

co
ag

ul
at

io
n 

pa
th

w
ay

; I
N

T
E

M
, i

nt
ri

ns
ic

 c
oa

gu
la

tio
n 

pa
th

w
ay

; F
IB

T
E

M
, fi

br
in

og
en

 fu
nc

tio
n.

Su
pp

le
m

en
ta

ry
 T

ab
le

 3
. 

St
ud

ie
s S

ho
w

in
g 

H
yp

er
co

ag
ul

ab
ili

ty
 Th

ro
ug

h 
RO

TE
M

 a
nd

 L
ab

or
at

or
y 

C
oa

gu
la

tio
n 

A
ss

ay
 (C

on
tin

ue
d)


