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OBJECTIVES: To test the hypothesis that relatively lower clot strength on throm-
boelastography maximum amplitude (MA) is associated with development of ve-
nous thromboembolism (VTE) in critically ill patients with COVID-19.

DESIGN: Prospective, observational cohort study.

SETTING: Tertiary care, academic medical center in Nashville, TN.

PATIENTS: Patients with acute respiratory failure from COVID-19 pneumonia 
admitted to the adult medical ICU without known VTE at enrollment.

INTERVENTIONS: None.

MEASUREMENTS AND MAIN RESULTS: Ninety-eight consecutive critically ill 
adults with laboratory-confirmed COVID-19 were enrolled. Thromboelastography 
parameters and conventional coagulation parameters were measured on days 0 
(within 48 hr of ICU admission), 3, 5, and 7 after enrollment. The primary outcome 
was diagnosis of VTE with confirmed deep venous thrombosis and/or pulmonary 
embolism by clinical imaging or autopsy. Twenty-six patients developed a VTE. 
Multivariable regression controlling for antiplatelet exposure and anticoagulation 
dose with death as a competing risk found that lower MA was associated with 
increased risk of VTE. Each 1 mm increase in enrollment and peak MA was associ-
ated with an 8% and 14% decrease in the risk of VTE, respectively (enrollment MA: 
subdistribution hazard ratio [SHR], 0.92; 95% CI, 0.87–0.97; p = 0.003 and peak 
MA: SHR, 0.86; 95% CI, 0.81–0.91; p < 0.001). Lower enrollment platelet counts 
and fibrinogen levels were also associated with increased risk of VTE (p = 0.002 
and p = 0.01, respectively). Platelet count and fibrinogen level were positively asso-
ciated with MA (multivariable model: adjusted R2 = 0.51; p < 0.001).

CONCLUSIONS: When controlling for the competing risk of death, lower en-
rollment and peak MA were associated with increased risk of VTE. Lower platelet 
counts and fibrinogen levels at enrollment were associated with increased risk 
of VTE. The association of diminished MA, platelet counts, and fibrinogen with 
VTE may suggest a relative consumptive coagulopathy in critically ill patients with 
COVID-19.

KEY WORDS: COVID-19; deep venous thrombosis; platelet count; pulmonary 
embolism; thromboelastography; venous thromboembolism

COVID-19 predisposes patients to developing thromboses with ap-
proximately 30% of critically ill patients developing a venous throm-
boembolism (VTE) despite prophylactic anticoagulation (1–4). 

Thromboelastography has been suggested as a clinical assay for evaluating the 
coagulopathy associated with COVID-19 (1, 5–7). Hypercoagulable throm-
boelastography parameters and fibrinolysis shut down have been reported in 
critically ill patients with COVID-19 (1, 2, 8–10). The association between 
hypercoagulable thromboelastography parameters and the development of 
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clinically significant VTE, however, has not been es-
tablished in prospective studies (11). Prior studies of 
thromboelastography in this population have been 
retrospective (selecting for patients with a clinical 
suspicion for coagulopathy), lacked serial measure-
ment, or did not account for the competing risk of 
death (1, 5, 9).

In 2020, we conducted an exploratory pilot study 
examining the association between thromboelastog-
raphy parameters and development of VTE (4). We 
found that measures indicating relatively less hyper-
coagulability, specifically lower clot strength measured 
by thromboelastography maximum amplitude (MA), 
were associated with development of VTE. Initially, 
this appeared paradoxical; however, when thrombo-
elastography results were examined in the context of 
platelets, we found that lower platelet counts correlated 
closely with diminished MA and were associated with 
development of VTE (4). This pattern of consumption 
and the high rates of VTE raise the suspicion for dis-
seminated intravascular coagulation (DIC); however, 
patients with COVID-19 rarely meet International 
Society on Thrombosis and Haemostasis (ISTH) crite-
ria for overt DIC based on criteria, suggesting the ex-
istence of a similar but distinct pathology described as 
a COVID-19–associated coagulopathy (12–14).

Severe COVID-19 results in a profound hyperin-
flammatory state typically associated with broadly el-
evated platelets, fibrinogen, and thromboelastography 
parameters (1, 2, 9). The development of a COVID–as-
sociated consumptive coagulopathy superimposed on 
the severe inflammatory state of COVID-19 may result 
in relatively lower platelets, fibrinogen, and thrombo-
elastography parameters despite being above or within 
the reference ranges. This study was conducted to test 
the hypothesis that relatively lower thromboelastog-
raphy MA is associated with increased risk of VTE 
among critically ill patients with COVID-19.

MATERIALS AND METHODS

A prospective cohort study was conducted at a single-
tertiary care academic medical center in Nashville, 
Tennessee, between April 29, 2020, and January 
21, 2021, using methods previously described (4). 
Enrollment measurements from the initial 40 patients 
in this cohort were included in a pilot study published 
in 2020 (4). This work includes serial measurements 
from the initial 40 patients not previously reported 

and results from an additional 58 patients including 
14 additional VTE events. This work was conducted 
as public health surveillance as defined in 45 Code of 
Federal Regulations 46.102(l)(2) and approved by the 
Vanderbilt Institutional Review Board (Committee 
HS3, Number 200591).

Study Population

We included patients with COVID-19 and respira-
tory failure using the following eligibility criteria: 
1) greater than or equal to 18 years old; 2) admit-
ted to an ICU; 3) positive severe acute respiratory 
syndrome coronavirus 2 reverse transcriptase-poly-
merase chain reaction during the index hospitaliza-
tion; 4) chest imaging with pulmonary infiltrate; and 
5) peripheral oxygen saturation below 90% on room 
air. Patients were enrolled within 48 hours of ICU 
admission. Patients diagnosed with acute venous or 
arterial thromboembolism on imaging prior to en-
rollment were excluded. All patients were followed 
for development of primary and secondary outcomes 
from enrollment to the earlier of hospital discharge 
or death.

Coagulation Parameters

Thromboelastography and coagulation tests were com-
pleted at enrollment within 48 hours of ICU admission 
(day 0) and on days 3, 5, and 7. Thromboelastography 
was measured on the TEG5000 Thromboelastograph 
Hemostasis Analyzer System (Haemonetics, Boston, 
MA) and included MA, α angle (α), reaction time (R), 
shear elastic modulus (complete clot strength) (G) pa-
rameter, clotting index, and percentage of clot lysis at 
30 minutes (LY30) (1, 4). Coagulation tests included 
prothrombin time (PT)/international normalized 
ratio, activated partial thromboplastin time (aPTT), 
fibrinogen, platelet counts, and d-dimer. Follow-up 
measurements were completed if the patient remained 
in the hospital (in the ICU or elsewhere in the hos-
pital) but were not completed if the patient had been 
discharged from the hospital. The maximum meas-
urement between day 0 and 7 prior to the develop-
ment of VTE was designated the peak measurement. 
Immature platelet fraction (IPF) and platelet counts 
from the same day were retrieved from the medical re-
cord when available (11). DIC scores were calculated 
based on ISTH guidelines (15, 16).
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The study protocol for thromboelastography in-
cluded the use of citrated kaolin with heparinase to 
remove the effect of anticoagulation. Occasionally, 
thromboelastography was completed without hepa-
rinase due to a laboratory processing error. Measures 
without heparinase for patients on prophylactic anti-
coagulation were included in the primary analysis 
and excluded in a sensitivity analysis. Measures run 
without heparinase for patients on therapeutic antico-
agulation were excluded due to concerns about poten-
tially inaccurate results.

Outcomes

The primary outcome was development of acute VTE 
during the index hospitalization. Evaluation for VTE 
was performed by treating clinicians without influ-
ence by the study protocol. Institutional guidelines 
recommended against routine screening for VTE, 
emphasizing symptom-guided assessment. VTE was 
defined as acute deep venous thrombosis (DVT) and/
or pulmonary embolism (PE) diagnosed by imaging 
or at autopsy if death occurred during the index hos-
pitalization. Classification of VTE followed the ISTH 
guidelines (4, 17). Secondary outcomes included the 
initiation of extracorporeal membrane oxygenation 
(ECMO), new renal replacement therapy (RRT), major 
bleeding, and death (18). All outcomes were assessed 
during the index hospitalization.

Anticoagulation and Antiplatelet Treatments

The study protocol did not control any treatment deci-
sions. The treating clinicians determined all treatments 
including anticoagulation and antiplatelet therapies. 
Institutional guidelines recommended that patients 
chronically on direct oral anticoagulants were con-
tinued on their home medications or transitioned to 
therapeutic unfractionated heparin (UFH) or low-
molecular-weight heparin (LMWH); it was recom-
mended that all other patients receive prophylactic 
anticoagulation with UFH or LMWH. Indications for 
initiation of therapeutic anticoagulation by treating 
clinicians included 1) diagnosis of VTE or another ill-
ness treated with therapeutic anticoagulation, 2) ini-
tiation of ECMO, or 3) frequent circuit clotting while 
on RRT. Some patients with a high clinical suspicion 
for VTE were started on therapeutic anticoagulation 
while awaiting confirmatory testing with de-escalation 

to prophylactic dosing if the evaluation returned 
negative.

Data Collection

Data from the electronic medical record were collected 
by research personnel and directly entered into an 
electronic case report form using a research electronic 
data capture platform (19, 20).

Statistical Analysis

The distributions of continuous exposure variables 
were compared between patients with and without 
VTE using Mann-Whitney U tests. The Fisher exact 
test was used to determine the association of catego-
rical variables with development of VTE. A Fine-Gray 
subdistribution hazards model was fit controlling for 
the predetermined covariates of antiplatelet exposure 
and anticoagulation dose at the time of enrollment or 
peak MA (21). Patients diagnosed with VTE the day of 
enrollment were excluded in the time to event analysis 
because they were no longer at risk. Separate multi-
variable Fine-Gray subdistribution hazards models in-
cluding minimum platelets and minimum fibrinogen 
within 7 days of ICU admission controlling for antico-
agulation dose and exposure to antiplatelet medications 
were performed. The cumulative incidence function 
was predicted from the multivariable model for MA 
while holding covariates at their medians. Predicted 
relative subdistribution hazards for MA, platelets, and 
fibrinogen compared with their medians were built 
using univariable models. Separate sensitivity analyses 
were planned as follows: 1) excluding patients who un-
derwent thromboelastography without heparinase, 2) 
excluding patients on therapeutic anticoagulation at 
the time of enrollment, and 3) excluding patients who 
did not undergo extremity duplex ultrasonography or 
CT pulmonary angiography (CTPA). The associations 
between MA, platelet counts, and fibrinogen were 
assessed using linear regression. Analyses were con-
ducted with Stata/SE, Version 17.0 (StataCorp, College 
Station, TX).

RESULTS

Patient Characteristics

For the 98 enrolled patients, the median age was 59 
years and 75 patients (76.5%) were male; 30 patients 
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(30.6%) were on mechanical ventilation at time of 
enrollment with a median Fio2 of 95% (interquar-
tile range [IQR], 70–100%); 12 patients (12.2%) were 
being treated with inhaled epoprostenol (Table 1). The 
median Sequential Organ Failure Assessment (SOFA) 
score was 5. At the time of enrollment, 83 patients 
(84.7%) were on prophylactic anticoagulation, 14 
(14.3%) were on therapeutic anticoagulation, and 1 
(1.0%) was not on anticoagulation due to a prolonged 
PT; 23 patients (23.5%) had been exposed to antiplate-
let medications at enrollment (Table 1).

Outcomes

Among the 98 critically ill patients, 26 (26.5%) devel-
oped VTE, a median of 5.5 days after ICU admission 
(IQR, 3–11 d). Isolated DVT occurred in 17 patients 
(15 proximal, two distal) and nine patients developed 
PE (four central, two lobar, one segmental, and two 
subsegmental) (Table 2). Four of the nine patients with  
PE also had DVT. One patient was diagnosed with 
PE on autopsy; all other patients were diagnosed  
with VTE prior to death. The median SOFA score at 
enrollment was 1 point higher in the group who de-
veloped VTE (SOFA score = 6) compared with those 
without VTE (SOFA score = 5).

New RRT was initiated in 27 patients (27.6%) 
overall, including 15 of 26 patients (57.7%) with VTE 
and 12 of 72 (16.7%) without VTE (p < 0.001). Major 
bleeding occurred in 11 patients (11.2%) overall, in-
cluding six of 26 patients (23.1%) with VTE and five 
of 72 (6.9%) without VTE (p = 0.06). The association 
between thromboelastography and conventional co-
agulation tests with bleeding events can be found in 
Table S1 (http://links.lww.com/CCX/A895). The me-
dian ICU and hospital lengths of stay were 13 and 14 
days, respectively. Inhospital death occurred in 50 
patients (51.0%) overall, including 18 of 26 patients 
(69.2%) with VTE and 32 of 72 (44.4%) without VTE 
(p = 0.04). Time from ICU admission to in hospital 
death was 13 days overall (IQR, 8–17 d), 14 days in 
patients with VTE (IQR, 6–28 d), and 13 days in 
patients without VTE (IQR, 9–16 d). There was no sig-
nificant difference in enrollment or peak thromboelas-
tography MA between patients who died during the 
hospitalization compared with survivors (median en-
rollment: 66.3 vs 67.3; p = 0.47 and peak: 70.5 vs 72.1; 
p = 0.33).

Association of Laboratory Parameters With Risk 
of VTE

In laboratory studies obtained at enrollment, 28.4% of 
patients had an MA above the upper limit of normal, 
considered a hypercoagulable measurement in prior 
studies (1, 5, 9, 11). The primary outcome of VTE 
occurred in three of 27 patients (11.1%) with hyper-
coagulable enrollment MA compared with 23 of 68 
(33.8%) with MA not in the hypercoagulable range. 
The median MA at enrollment was 67.0 overall, 62.8 for 
patients who developed VTE and 68.1 for patients who 
did not develop VTE (p < 0.001). The median MA for 
patients with VTE compared with those without VTE 
were 62.7 versus 70.7 on day 3, 65.0 versus 70.5 on day 
5, and 64.7 versus 68 on day 7, respectively. Patients 
who developed VTE had lower measures of clotting on 
thromboelastography MA, α, G, and clotting index on 
both enrollment and serial measurements compared 
with those who did not develop VTE (Table  1 and 
Fig. 1); there was no difference in R or Ly30 between 
patients who developed VTE and those who did not. 
Enrollment and peak d-dimer were higher in patients 
who developed VTE compared with those who did not 
(p < 0.001). d-dimer was negatively correlated with 
thromboelastography MA with higher d-dimer asso-
ciated with lower MA (R2 = 0.27; p < 0.001). Patients 
who developed VTE had higher DIC scores at the time 
of enrollment (p = 0.01), but only six patients (6.5%) 
met criteria for overt DIC defined as a DIC score of 
greater than 5 that was not associated with VTE (p = 
0.49). Results were similar when the 40 patients with 
previously reported values were excluded (Table S2, 
http://links.lww.com/CCX/A895).

In the Fine-Gray subdistribution hazards model 
controlling for anticoagulation dose and exposure to 
antiplatelet medication, patients with lower enroll-
ment MA had a higher predicted cumulative incidence 
of VTE (Fig. 2). Each 1 mm increase in enrollment 
and peak MA was associated with an 8% and 14% 
decrease in the risk of VTE, respectively (enrollment 
MA: subdistribution hazard ratio [SHR], 0.92; 95% 
CI, 0.87–0.97; p = 0.003 and peak MA: SHR, 0.86; 95% 
CI, 0.81–0.91; p < 0.001; Fig. 2). The predicted relative 
subhazard for development of VTE compared with the 
median MA increased as enrollment MA decreased 
(Fig. S1, http://links.lww.com/CCX/A895).

http://links.lww.com/CCX/A895
http://links.lww.com/CCX/A895
http://links.lww.com/CCX/A895
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TABLE 1. 
Clinical Characteristics and Laboratory Measures on Day 0 Grouped by Venous 
Thromboembolism

Laboratory Measures
Reference  

Range
All Patients,  

n = 98
VTE,  

n = 26
No VTE,  
n = 72 p

Age (yr)  59 (53–66) 60.5 (56–63) 57.5 (51–67) 0.33

Sex: male  75 (76.5) 21 (80.8) 54 (75) 0.79

Comorbidities  78 (79.6) 18 (69.2) 60 (83.3) 0.16

  Diabetes  53 (54.1) 12 (46.2) 41 (56.9) 0.37

  Hypertension  64 (65.3) 13 (50) 51 (70.8) 0.09

  Heart disease  20 (20.4) 1 (3.9) 19 (26.4) 0.02

  Chronic kidney disease  12 (12.2) 1 (3.9) 11 (15.3) 0.17

  Prior transplant  13 (13.3) 3 (11.5) 10 (13.9) 1.0

Body mass index (kg/m2) (n = 95)  32.4 (29.4–38.7) 32.9 (29.8–36.7) 32.2 (29.4–39.1) 0.96

Anticoagulation      

  Prophylactic  83 (84.7) 22 (84.6) 61 (84.7) 1.0

    UFH  21 (25.3) 8 (36.4) 13 (21.3) 0.25

    LMWH  62 (74.7) 14 (63.6) 48 (78.7) 0.25

  Therapeutic  14 (14.3) 4 (15.4) 10 (13.9) 1.0

    UFHa  7 (50) 3 (75) 4 (40) 0.11

    LMWHb  1 (7.1) 1 (25) 0 (0) 0.11

    Direct oral anticoagulant  6 (42.9) 0 (0) 6 (60) 0.11

  No anticoagulationc  1 (1.0) 0 (0) 1 (1.4) 1.0

Exposure to antiplatelet agent  23 (23.5) 3 (11.5) 20 (27.8) 0.11

  Aspirin  16 (69.6) 3 (100) 13 (65) 0.59

  P2Y12 inhibitor  1 (4.4) 0 (0) 1 (5) 0.59

  Dual antiplatelet therapy  6 (26.1) 0 (0) 6 (30) 0.59

Epoprostenol use  12 (12.2) 6 (23.1) 6 (8.3) 0.08

Extracorporeal membrane oxygenation  
  (venovenous)

 2 (2.0) 1 (3.9) 1 (1.4) 0.46

Level of oxygen support      

  Mechanical ventilation  30 (30.6) 9 (34.6) 21 (29.2) 0.10

  Bilevel positive airway pressure  27 (27.6) 11 (42.3) 16 (22.2) 0.10

  High-flow nasal cannula oxygen  31 (31.6) 4 (15.4) 27 (37.5) 0.10

  Low-flow nasal cannula oxygen  10 (10.2) 2 (7.7) 8 (11.1) 0.10

Sepsis-related Organ Failure  
  Assessment score

 5 (4–8) 6 (5–8) 5 (4–7) 0.04

Fibrinogen (mg/dL) (n = 96) 188–450 678 (574.5–843.5) 583 (452–787) 688 (604–851) 0.01

Platelet count (×103/μL) (n =97) 135–371 242 (169–300) 174 (130–263) 260 (196–313) 0.002

Creatinine (mg/dL) 0.72–1.25 0.97 (0.77–1.47) 0.97 (0.74–1.41) 0.97 (0.78–1.5) 0.83

International normalized ratio (n = 96)  1.2 (1.1–1.3) 1.2 (1.1–1.3) 1.2 (1.1–1.3) 0.94

Prothrombin time (s) (n = 96) 11.9–14.5 14.6 (14.0–15.7) 15.1 (14–15.7) 14.6 (13.9–15.7) 0.77

Activated partial thromboplastin  
  time (s) (n = 94)

23.5–33.5 31.1 (28.2–35.3) 30.2 (28.1–35) 32.2 (28.3–35.4) 0.73

(Continued)
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Platelet count (R2 = 0.38; p < 0.001) and fibrin-
ogen (R2 = 0.27; p < 0.001) were positively associated 
with MA using enrollment laboratory measurements  
(Fig. S2, http://links.lww.com/CCX/A895). Patients who 
developed VTE tended to have lower platelets, lower fi-
brinogen, and lower MA as shown in Supplemental 
Figure S2 (http://links.lww.com/CCX/A895). The pre-
dicted relative subhazard for development of VTE for 
fibrinogen and platelets compared with their respective 
medians increased with lower enrollment fibrinogen and 
platelet counts (Figs.  S3 and S4, http://links.lww.com/
CCX/A895). In a multivariable linear regression model 
accounting for the interaction between platelet count 
and fibrinogen, lower enrollment platelet count and fi-
brinogen were associated with lower enrollment MA 
(adjusted R2, 0.51; p < 0.001).

Patients who developed VTE had lower platelet 
counts and fibrinogen at enrollment compared with 

those never diagnosed with VTE (p = 0.002 and  
p = 0.01, respectively) (Table 1). Platelet counts and fibrin-
ogen were lower in patients who developed VTE on every 
day of measurement except for day 7 platelets (Fig.  S5, 
http://links.lww.com/CCX/A895). In separate compet-
ing risk regressions controlling for anticoagulation dose 
and exposure to antiplatelet medication, lower minimum 
platelet count and fibrinogen were associated with an 
increased risk of VTE (minimum platelets: SHR, 0.94; 95% 
CI, 0.89–0.99; p = 0.01 and minimum fibrinogen: SHR, 
0.96; 95% CI, 0.94–0.97; p < 0.001).

Sensitivity Analyses

Separate sensitivity analyses were performed: 1) ex-
cluding measures run without heparinase, 2) ex-
cluding patients on therapeutic anticoagulation at the 
time of enrollment, and 3) excluding patients who did 

d-dimer (μg/mL fibrinogen equivalent units) 0.27–0.49 2.16 (0.96–6.81) 13.5 (1.48–20) 1.61 (0.80–3.32) < 0.001

Disseminated intravascular coagula-
tion score (International Society on 
Thrombosis and Haemostasis)

 2 (2–3) 3 (2–3) 2 (0–3) 0.004

Thromboelastography (n = 95)      

  Maximum amplitude (mm) 50–70 67 (63.7–70.7) 62.8 (57.8–67.2) 68.1 (65–71.6) < 0.001

  Alpha angle (degrees) 53–72 73.2 (68.7–76.4) 68.2 (63.2–73) 74.6 (70.6–76.8) < 0.001

  Reaction time (min) 5–10 3.7 (3.2–4.8) 3.7 (3–4) 3.8 (3.2–4.8) 0.44

  Shear elastic modulus (complete clot 
strength) (dyne/cm2)d

4.5–11 10.2 (8.8–12.1) 8.5 (6.8–10.3) 10.7 (9.3–12.6) < 0.001

  Clotting index –3.0 to +3.0 3.4 (2.9–3.9) 2.9 (1.9–3.4) 3.6 (3.0–4.1) < 0.001

  Percent lysis at 30 min (%) 0–8 0.6 (0–1.4) 0.9 (0.1–1.6) 0.5 (0–1.2) 0.16

LMWH = low-molecular-weight heparin (enoxaparin), UFH = unfractionated heparin, VTE = venous thromboembolism.
aTwo patients on venovenous extracorporeal membrane oxygenation, two were started on UFH after being diagnosed with VTE the day 
of enrollment, two patients were transitioned to UFH to continue home anticoagulation, and one patient was diagnosed with a non-ST-
elevation myocardial infarction after enrollment.
bThe patient was initially on therapeutic anticoagulation while awaiting extremity venous duplex ultrasounds that returned as negative the 
day of ICU admission laboratories. The patient was transitioned back to prophylactic dosing of LMWH and developed an acute pulmo-
nary embolism 26 d later.
cAnticoagulation was held due to a prolonged prothrombin time.
dShear elastic modulus (complete clot strength) = (5,000 × amplitude)/(100–amplitude) with a unit of force represented as dyne/cm2 
(1 dyne/cm2 = 0.1 Pa).
Measures represent number (column percent) or median (interquartile range) as appropriate. n = 98 except where noted.
p values from two-sided Mann-Whitney U test for continuous variables and Fisher exact test for categorical variables.

TABLE 1. (Continued).
Clinical Characteristics and Laboratory Measures on Day 0 Grouped by Venous 
Thromboembolism

Laboratory Measures
Reference  

Range
All Patients,  

n = 98
VTE,  

n = 26
No VTE,  
n = 72 p

http://links.lww.com/CCX/A895
http://links.lww.com/CCX/A895
http://links.lww.com/CCX/A895
http://links.lww.com/CCX/A895
http://links.lww.com/CCX/A895
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TABLE 2. 
Outcome Data Grouped by Development of Venous Thromboembolism

Outcome Variable All Patients, n = 98 VTE, n = 26 No VTE, n = 72 p

VTE 26 (26.5) 26 (100)   

  DVT 17 (17.4) 17 (65.4)   

    Proximal 15 (88.2) 15 (57.7)   

    Distal 2 (11.8) 2 (7.7)   

  Isolated PE 5 (5.1) 5 (19.2)   

  PE and proximal DVT 4 (4.1) 4 (15.4)   

Renal replacement therapy 27 (27.6) 15 (57.7) 12 (16.7) < 0.001

Major bleedinga 11 (11.2) 6 (23.1) 5 (6.9) 0.06

Extracorporeal membrane oxygenation (venovenous) 7 (7.1) 5 (19.2) 2 (2.8) 0.01

Inhospital death (%) 50 (51.0) 18 (69.2) 32 (44.4) 0.04

Time from ICU admit to death (d) 13 (8–17) 14 (6–28) 13 (9–16) 0.61

ICU length of stay (d) 13 (7–21) 23.5 (8–37) 11.5 (7–15) 0.01

Hospital length of stay (d) 14 (11–28) 23.5 (8–42) 13 (11–20) 0.08

DVT = deep venous thrombosis, PE = pulmonary embolism, VTE = venous thromboembolism.
aClassified by International Society on Thrombosis and Haemostasis guidelines: nine patients were on therapeutic anticoagulation, one 
was on prophylactic anticoagulation, and one had a prolonged prothrombin time of unknown etiology; one of the patients on therapeutic 
anticoagulation received tissue plasminogen activator prior to the bleed due to clotting of the extracorporeal membrane oxygenation 
circuit.
Measures represent number (column percent) or median (interquartile range) as appropriate.

Figure 1. Dot plot of thromboelastography measurements on days 0, 3, 5, and 7 after enrollment grouped by patients who did 
not develop a venous thromboembolism (VTE) (blue circles) and those who did develop a VTE (red diamond) during the index 
hospitalization. Each dot represents a single measurement. The median (bolded center line) and interquartile range (brackets) are also 
denoted for measurements at each time point. The shaded area represents the normal reference range. A, Maximum amplitude (mm); 
(B) alpha angle (α) (degrees); (C) shear elastic modulus (complete clot strength) (G parameter) (dynes/cm2); (D) clotting index; (E) 
reaction time (R) (s); (F) percentage of clot lysis at 30 min (Ly30) (one measure is not shown on day 3: Ly30 of 20.7 in a patient that did 
not develop a VTE).
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not undergo an extremity ultrasound or CTPA. Each 
sensitivity analysis was consistent with the primary 
analysis (Table S3, http://links.lww.com/CCX/A895). 
Results did not change substantively when the model 
was adjusted for patient age, sex, and enrollment SOFA 
score. IPF was measured during the index hospitaliza-
tion for 16 patients (16.3%) and increased as platelet 
counts declined, although the number of available 
measures was limited (Fig. S6, http://links.lww.com/
CCX/A895).

DISCUSSION

Relatively lower thromboelastography MA within 48 
hours of ICU admission and at peak measurement 
are associated with development of VTE in critically 
ill patients with COVID-19 when accounting for the 
competing risk of death. The multiplatform random-
ized controlled trial of therapeutic anticoagulation in 
COVID-19 demonstrated that therapeutic anticoagu-
lation for the entire critically ill COVID-19 popula-
tion was not beneficial (22); whether subpopulations 
of critically ill COVID-19 patients may benefit from 
therapeutic anticoagulation remains unresolved. 

Hypercoagulable thromboelastography has 
been suggested as a tool to guide antico-
agulation in this population (23, 24). This 
study suggests that elevated thromboelas-
tography MA, termed hypercoagulable in 
prior studies, may not accurately identify 
patients at increased risk of VTE. Instead, 
relative decreases in thromboelastography 
MA may be seen in patients at increased 
risk of VTE.

Thromboelastography and conventional 
coagulation tests aim to quantify hyperco-
agulability to identify patients at increased 
risk of VTE. However, elevated thrombo-
elastography measurements, described as 
hypercoagulable in previous work, were 
not associated with development of VTE 
in this cohort. Instead, decreased measures 
of clot strength (MA and G), rate of clot 
propagation (α), and overall measures of 
coagulation (clotting index) at enrollment 
and peak measurement were associated 
with development of VTE in the presence 
of decreased platelets and decreased fibrin-

ogen. The time from test initiation to first evidence of 
thrombus formation (R) and the percentage of clot lysis 
(Ly30) were not associated with VTE. Patients who de-
veloped VTE had lower MA, α, G, and clotting index 
throughout the first 7 days of hospitalization (Fig. 1). 
The differences between thromboelastography param-
eters in patients who developed VTE and those who 
did not narrowed over time, likely due to the exclu-
sion of measurements in patients who developed VTE 
and/or died over time; yet, lower MA, α, G, and clot-
ting index were more common in patients who sub-
sequently developed VTE compared with those who 
did not at nearly every timepoint. Prior retrospective 
studies have shown an association between hyperco-
agulable thromboelastography and the development 
of VTE; the differences between our results and those 
studies may be attributed to differences in method-
ology including retrospective study design selecting 
for patients with concern for coagulopathy and con-
tributing to ascertainment bias, use of thromboelas-
tography without heparinase or the TEG®6 machine, 
and use of the combined endpoints of VTE or death 
instead of controlling for the competing risk of death 
(5, 25–27).

Figure 2. Predicted cumulative incidence function (CIF) for the development 
of venous thromboembolism at each level of ICU admission maximum 
amplitude (MA). The Fine-Gray model was used to predict the CIF with death 
as a competing risk and holding other covariates, anticoagulation dose and 
antiplatelet exposure, at their medians. The y-axis was truncated at 40 d, as 
there were no events after that time point.

http://links.lww.com/CCX/A895
http://links.lww.com/CCX/A895
http://links.lww.com/CCX/A895
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To better understand the association between 
decreased measures of clotting and development of 
VTE, we considered the components of whole blood 
that influence thromboelastography. MA, G, and α are 
influenced by platelets and fibrinogen with MA and G 
being more influenced by platelets and α more influ-
enced by fibrinogen (28, 29). Platelet counts and fi-
brinogen were lower in patients who developed VTE 
than in those who did not both at enrollment and min-
imum measurements. Platelet counts and fibrinogen 
were correlated with MA, and relatively lower meas-
ures may drive the association between decreased MA 
and development of VTE. Lower platelet counts and 
fibrinogen may be driven by decreased production or 
increased consumption through the development of 
micro and macrovascular thrombosis or immune clear-
ance (30). It is possible, for example, that these patients 
did not mount an adequate immunologic response to 
develop appropriate elevations in platelets, fibrinogen, 
and MA and that decreased thromboelastography 
is identifying a more sick or vulnerable patient pop-
ulation. The association between VTE and increased 
need for RRT or ECMO and increased rates of mor-
tality may support this hypothesis. However, the lack 
of an association between lower MA and in hospital 
death makes it more likely that lower MA is identify-
ing patients at increased risk for VTE and that VTEs 
are associated with worse outcomes. Additionally, 
in a subset of patients with available measurements, 
higher IPFs were seen in patients with lower platelets, 
suggesting that increased consumption is more likely 
than decreased production. Unfortunately, the lack of 
thromboelastography measures at the time of hospital 
admission, prior to the potential consumptive process, 
prevents the conclusive identification of a consumptive 
coagulopathy.

Consistent with prior studies, few patients in this 
cohort met criteria for overt DIC based on the ISTH 
criteria (15, 16). Increasing DIC scores, however, 
were associated with VTE. This may be explained 
by COVID-19–associated hyperinflammation stim-
ulating increases in platelet counts and fibrinogen 
(31). Of the four criteria for overt DIC, two include 
strict cutoff values for platelet counts and fibrin-
ogen. While platelet counts and fibrinogen levels 
were lower overall in patients who developed VTE, 
the median values remained above the lower limit of 
the reference range. Elevated fibrinogen and platelet 

counts, and, therefore, elevated thromboelastogra-
phy parameters, may be a physiologic response to 
systemic inflammation in this population. Relatively 
lower parameters in this context may mark the de-
velopment of a consumptive coagulopathy similar 
to DIC (32). As can be seen in DIC, microvascular 
immunothrombosis associated with neutrophil ex-
tracellular traps have been identified in patients 
with COVID-19 and may explain the high rates of 
new RRT and the significant oxygen requirements 
in this population (33, 34). In contrast to overt DIC, 
prolongation of the PT/aPTT is often not seen. For 
this reason, a separate entity termed COVID–as-
sociated coagulopathy has been proposed (12). 
While consumption defined as declines in fibrin-
ogen and platelet counts is common in patients with 
COVID-19, consumption defined as deficiencies in 
those parameters is not frequently observed due to 
thrombocytosis and hyperfibrinogenemia induced 
by inflammation. Our results suggest a relative con-
sumption of fibrinogen and platelets, resulting in 
decreased measures of clotting on thromboelastog-
raphy, correlating with increased rates of VTE.

Our study has limitations. The inclusion of 
patients on therapeutic anticoagulation at enroll-
ment and the inclusion of thromboelastography 
parameters without the use of heparinase for patients 
on prophylactic anticoagulation may have biased 
our results. However, some patients on therapeutic 
anticoagulation at enrollment developed VTE sup-
porting the need for these patients to be studied, and 
the effect of prophylactic doses of anticoagulation on 
thromboelastography is considered to be minimal. 
Furthermore, sensitivity analyses excluding each of 
these groups were reassuring. The thromboelastog-
raphy parameters were visible to clinicians in this 
study and may have influenced decision-making re-
garding the evaluation for VTE (potential ascertain-
ment bias). The lack of laboratory measures prior 
to ICU admission limited the ability of this study to 
conclusively determine the etiology of diminished 
thromboelastography MA, platelet counts, and fi-
brinogen. Despite being one of the largest reported 
cohorts measuring thromboelastography parameters 
in critically ill patients with COVID-19, the sample 
size was modest, limiting the precision of our find-
ings and the number of covariates used in multivari-
able models.
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CONCLUSIONS

Lower clot strength as measured by thromboelastog-
raphy MA was associated with an increased risk of 
VTE. Platelet counts and fibrinogen levels positively 
correlated with MA and were also associated with 
the risk of VTE. While fibrinogen levels and platelet 
counts were typically within or above the normal lim-
its in patients with COVID-19, they were both lower 
in those who developed VTE than those who did not. 
The association between decreased measures of clot-
ting on thromboelastography and the development of 
VTE may suggest a relative consumptive coagulopathy 
similar to but distinct from DIC.
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APPENDIX

The members of the IVY network involved in the study 
not included in the main list of authors are as follows: 
Jonathan D. Casey, M.D., Adrienne Baughman, Jakea 
Johnson, Kelsey N. Womack, Kimberly W. Hart.


