OBSERVATIONAL STUDY

Thromboelastography Parameters and Platelet
Count on Admission to the ICU and the
Development of Venous Thromboembolism in
Patients With Coronavirus Disease 2019

OBIJECTIVES: Determine if thromboelastography parameters and platelet
count on the day of ICU admission are associated with the development of
venous thromboembolism in patients with coronavirus disease 2019.

DESIGN: Prospective, observational cohort study.
SETTING: Tertiary-care, academic medical center in Nashville, TN.

PATIENTS: Patients with coronavirus disease 2019 pneumonia and acute
respiratory failure admitted to the adult ICU without venous thromboembo-
lism at the time of ICU admission.

INTERVENTION: None.

MEASUREMENTS AND MAIN RESULTS: The primary outcome was
development of venous thromboembolism during the index hospitaliza-
tion. Venous thromboembolism was defined by clinical imaging or autopsy,
demonstrating deep vein thrombosis or pulmonary embolism. Forty con-
secutive critically ill adults with laboratory-confirmed coronavirus disease
2019 were enrolled; 37 (92.5%) were hypercoagulable by at least one
thromboelastography parameter at the time of ICU admission and 12
(830%) met the primary outcome of venous thromboembolism during the
index hospitalization. Patients who developed venous thromboembolism
had decreased measures of clotting (maximum amplitude, alpha angle,
shear elastic modulus parameter, and clotting index) on ICU admission
thromboelastography compared with patients who did not develop venous
thromboembolism (p < 0.05 for all measures). For each individual thrombo-
elastography parameter used to dichotomize patients as hypercoagulable,
the rate of venous thromboembolism was not higher in those identified as
hypercoagulable; in fact, the venous thromboembolism rate was higher in
patients who were not hypercoagulable by thromboelastography for max-
imum amplitude (p = 0.04) and alpha angle (p = 0.001). Platelet count
was positively correlated with maximum amplitude, alpha angle, G param-
eter, and clotting index, and significantly lower in patients who developed
venous thromboembolism than those who did not (median 186 vs 278
10%/uL, p = 0.046). Venous thromboembolism was associated with inhos-
pital mortality (odds ratio, 6.3; 95% ClI, 1.4-29; p =0.02).

CONCLUSIONS: Our data do not support the use of thromboelastog-
raphy to risk stratify critically ill adults with coronavirus disease 2019 for
the development of venous thromboembolism or to guide decisions about
anticoagulation. Lower platelet count on ICU admission, which may reflect
platelet aggregation, was associated with venous thromboembolism.
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espite prophylactic anticoagulation, 20-80%
Dof critically ill adults with coronavirus di-

sease 2019 (COVID-19) develop venous
thromboembolism (VTE), with rates varying based
on screening methods (universal vs symptomatic) and
definition of VTE (1-3). Thromboelastography that
measures the dynamics of clot formation and dissolu-
tion utilizing whole blood has been suggested as a tool
to identify patients at risk for thromboembolic events
(4-6). Each individual thromboelastography param-
eter has been used to predict thromboembolic events
with faster clot initiation and propagation, increased
clot strength, or decreased clot breakdown associated
with increased rates of thrombotic events in trauma,
surgical, critically ill, or hospitalized patients (6).
However, despite reports of hypercoagulable thrombo-
elastography parameters in patients with COVID-19,
an association between thromboelastography mea-
surements indicating hypercoagulability and increased
risk of VTE among patients with COVID-19 has not
been established (1, 3, 7-9). Lower peak platelet counts
have been associated with the development of VTE in
patients with COVID-19, despite the median peak
platelet count still being above the lower bound of the
reference range (3, 10). Platelets are known to influ-
ence thromboelastography measurements with lower
platelet counts leading to diminished measures of clot
strength (10). This study aims to evaluate the associ-
ation between thromboelastography parameters and
platelet counts at the time of admission to the ICU
and the development of VTE among critically ill adults
with COVID-19.

MATERIALS AND METHODS

We conducted a single-center prospective cohort study
of consecutive adults with COVID-19 pneumonia and
hypoxemic respiratory failure admitted to the med-
ical ICU at a tertiary-care academic medical center in
Nashville, TN, between April 29, 2020, and July 17, 2020.
This work was conducted as public health surveillance
as defined in 45 CFR 46.102(1)(2) and was determined
to not be research by the Institutional Review Board.
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Study Population

Criticalillnessfrom COVID-19inclusion criteriawas: 1)
age greater than or equal to 18 years old, 2) ICU ad-
mission, 3) positive reverse transcriptase polymerase
chain reaction (PCR) test for severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) during the
index hospitalization, 4) pulmonary infiltrate on chest
imaging, and 5) peripheral oxygen saturation (Spo,)
below 90% on room air. Criteria for ICU admission
included need for vasoactive medication or oxygen
saturation less than 90% on greater than 6L of ox-
ygen by nasal cannula or fraction of inspired oxygen
greater than 50%. Patients were excluded if they had
been diagnosed with acute venous thromboembolism
(VTE) or arterial thromboembolism on objective im-
aging (extremity venous duplex ultrasonography, CT
pulmonary angiography [CTPA], or CT angiography
of the head and neck) prior to enrollment.

Coagulability and Platelet Measurements

Thromboelastography and platelet counts were meas-
ured within 48 hours of ICU admission. Viscoelastic
testing was performed on the thromboelastography
5000 Thromboelastograph Hemostasis Analyzer System
(Haemonetics, Boston, MA) (11). Thromboelastography
parameters were defined as outlined by Yuriditsky et al
(1): maximum amplitude (MA), a angle (a), reaction
time (R), clotting index, and percentage of clot lysis at
30 minutes. The G parameter, reported by thromboelas-
tography software as a calculated measure of complete
clot strength, was also analyzed. Each of the thrombo-
elastography parameters has been used independently
in prior studies to define hypercoagulability in patients
(6). For the primary analysis, thromboelastography
parameters were maintained as continuous variables
and compared between the patients with and without
VTE. To allow for comparison with prior studies that
used thresholds in thromboelastography parameters to
define hypercoagulability, patients were dichotomized
as hypercoagulable or not hypercoagulable for each
thromboelastography parameter, and then frequency
of VTE was compared between these binary groups. A
patient was considered hypercoagulable by a param-
eter if the measure was above the reference range for
MA, a, G, or clotting index measurements and below
the reference range for R (6). At our institution, hepa-
rinase is only added to thromboelastography if patients
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are on therapeutic unfractionated heparin (UFH) or
low-molecular-weight heparin (LMWH). To remove
any possible effect from prophylactic anticoagulation,
all thromboelastographies were ordered as citrated ka-
olin with heparinase. Due to an error in the conver-
sion of orders from the electronic medical record to
the operating system for laboratory technicians, 14 of
40 thromboelastographies were run without hepari-
nase following the institutional guidelines. None of the
patients who underwent thromboelastography without
heparinase were on therapeutic anticoagulation. Platelet
counts from routine complete blood count measure-
ments were collected on the day of thromboelastogra-
phy measurements.

Venous Thromboembolic Events

Testing for VTE was conducted by treating clinicians
without influence by the study protocol. Institutional
guidelines advised imaging in patients with signs and
symptoms of VTE and recommended against rou-
tine screening in the absence of symptoms. Patients
were classified as having VTE if they were identi-
fied as having acute deep venous thrombosis (DVT)
or pulmonary embolism (PE) by imaging during the
index hospitalization or at autopsy if death occurred
during the index hospitalization according to the
International Society on Thrombosis and Haemostasis
(ISTH) guidelines (12). Imaging modalities included:
upper and lower extremity venous duplex ultrasound
with compression (identifying distal and proximal
DVT) and CTPA (identifying subsegmental and more
proximal PE). Patients diagnosed with botha DVT and
PE were classified as PE. Clinicians were unblinded to
study laboratory results.

Secondary Outcomes

The initiation of renal replacement therapy and ex-
tracorporeal membrane oxygenation (ECMO) during
the index hospitalization were recorded. All patients
were followed to hospital discharge or death. Major
bleeding events were recorded as defined by the ISTH
guidelines in nonsurgical patients (13).

Anticoagulation and Antiplatelet Treatments

The study protocol did not control any treatment deci-
sions. The treating clinicians, following institutional
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guidelines, determined all treatments, including anti-
coagulation and antiplatelet therapies. According to
institutional guidelines, patients chronically on direct
oral anticoagulants were continued on their home
medications. All other patients received prophylactic
anticoagulation with UFH or LMWH. Therapeutic
anticoagulation with either UFH or LMWH was ini-
tiated at the time of diagnosis of a thromboembolic
event, initiation of ECMO, or frequent circuit clotting
while on renal replacement therapy at the discretion of
the treating clinician(s).

Data Collection and Statistical Analysis

During the study, research personnel prospectively
collected information from the electronic medical
record for direct data entry into an electronic case
report form using a research electronic data capture
platform (14, 15). Comparisons between the patients
with and without VTE were conducted using Mann-
Whitney U tests for continuous variables and Fisher
exact tests for categorical variables. Separate sensi-
tivity analyses were performed excluding patients
who underwent thromboelastography without hepa-
rinase, patients who did not undergo a clinical eval-
uation with extremity duplex ultrasonography or
CTPA, and patients who were on therapeutic anti-
coagulation at the time of laboratory analysis. A
univariable logistic regression was performed to de-
termine the association between VTE and mortality.
The associations between thromboelastography mea-
surements and platelet count were assessed using R
squared (R?). Analyses were conducted with the sta-
tistical program Stata/SE, Version 15.1 (StataCorp,
College Station, TX).

RESULTS
Study Population

During the enrollment period, 74 patients were admit-
ted to the ICU with a positive SARS-CoV-2 PCR.
Of those, 45 met criteria for COVID-19 pneumonia
with 40 patients (32 men and eight women) (Table 1)
enrolled after the exclusion of five patients for a diag-
nosis of acute VTE prior to enrollment. The median
age was 55 years (interquartile range [IQR], 48-62 yr).
Seventy percent of the patients had at least one comor-
bidity. The median body mass index was 33.6 (IQR,
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TABLE 1.

Clinical Characteristics and Laboratory Measures on ICU Admission Grouped by Venous
Thromboembolism

All Patients

Reference

Laboratory Measures Range n=40

Age (yr) 56.5 (48-62) 60.5 (565.5-64) 53 (45.0-60.5) 0.10
Sex (male) 2 (75.0) 1(91.7) 21 (75.0) 0.40
Comorbidities 28 (70.0) 7 (68.3) 21 (75.0) 0.45
Diabetes 21 (52.5) 4 (33.3) 17 (60.7) 0.17
Hypertension 20 (50.0) 5 (41.7) 15 (53.6) 0.73
Heart disease 5 (12.5) 0 (0) 5 (17.9) 0.30
Chronic kidney disease 2 (5.0) 0 (0) 2 (7.1) 1.0
Prior transplant 3 (7.5) 1 (8.3) 2 (7.1) 1.0
Body mass index (kg/m?) (n = 37) 33.6 (29.5-38.2) 34.6 (27.8-36.7) 32.8 (30.1-39.1) 0.49
Anticoagulation
Prophylactic 34 (85.0) 10 (83.3) 24 (85.7) 1.0
UFH 9 (26.5) 4 (33.3) 5 (17.9) 0.40
LMWH 25 (73.5) 6 (50.0) 19 (67.9) 0.40
Therapeutic 6 (15) 2 (16.7) 4 (14.3) 1.0
UFH 2(16.7) 12 (8.3) 1 (3.6) 0.2
LMWH 1(16.7) 1°(50) 0 (0) 0.2
Direct oral anticoagulant 3 (7.5) 0 (0) 3(10.7) 0.2
Exposure to antiplatelet agent (aspirin) 5 (12.5) 1 (8.3) 4 (14.3) 1.0
Epoprostenol use 4 (10.0) 2 (16.7) 2 (7.1) 0.57
Extracorporeal membrane 2 (5.0) 1(8.3) 1 (3.6) 0.52
oxygenation (venovenous)
Level of oxygen support 0.07
Mechanical ventilation 14 (35.0) 4 (33.3) 10 (35.7)
Bilevel positive airway pressure 7 (17.5) 5 (41.7) 2 (7.1)
High-flow nasal cannula oxygen 14 (35.0) 2 (16.7) 12 (42.9)
Low-flow nasal cannula oxygen 153 ((1122L5)) 1 (8.3) 4 (14.3)
Sequential Organ Failure Assess- 4.5 (4-8) 5 (4-8) 4 (4-75) 0.30

ment score

Fibrinogen (mg/dL)

188-450

703 (571-865)

757 (473-865)

689 (584-864) 0.72
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TABLE 1. (Continued).

Clinical Characteristics and Laboratory Measures on ICU Admission Grouped by Venous
Thromboembolism

All Patients

Reference

Laboratory Measures Range n=40

Platelet count (x 10%/pL) 135-371 263 (179-314) 186 (140-280) 278 (198-342) 0.046
Creatinine (mg/dL) 0.72-1.25 0.8 (0.7-1.1) 0.8 (0.71.0) 8 (0.7-1.2) 0.65
International normalized ratio (n = 39) 1.1 (1.0-1.2) 1.2 (1.11.2) 1.1 (1.0-1.2) 0.25
Prothrombin time (s) (n = 39) 11.9-145 14.4(135-154) 15.1 (14.1-155) 14.2(13.5-14.9) 0.18
Activated partial thromboplastin 23.5-33.5 32.3(29.8-35.1) 38.5(29.3-39.0) 32.2(29.8-34.5) 0.47
time (s) (n=37)
Thromboelastography
Maximum amplitude (mm) 50-70 68.1 (63.6-72.1) 64.4 (62.0-68.7) 70.4 (64.8-73.2) 0.02
Alpha angle (°) 538=72 72.2 (68.3-75.8) 69.0 (66.7-71.2) 74.4 (70.7-77.1) 0.003
Reaction time (min) 5-10 8 (3.2-4.8) 3.9 (3.4-5.5) 7 (8.2-4.8) 0.44
Shear elastic modulus (complete  4.5-11 10.7 (8.8-13.0) 9.1 (8.2-11.0) 11.9 (9.2-13.6) 0.02

clot strength) (dyne/cm?)°

Clotting index -3.0t0 +3.0 +3.4 (+3.0to +4.1) +3.1 (+2.7 to +3.4) +3.8 (+3.0 to +4.3) 0.02

Percent lysis at 30 minutes (%) 0-8 0.6 (0.0-1.4) 0.9 (0.2-1.5) 0.5 (0.0-1.3) 0.30

LMWH = low-molecular-weight heparin (enoxaparin), UFH = unfractionated heparin, VTE = venous thromboembolism.

“The patient developed a PE despite therapeutic anticoagulation for VV extracorporeal membrane oxygenation and was found to have platelet
factor 4 antibodies but a negative serotonin release assay that is not consistent with pathogenic heparin-induced thrombocytopenia antibodies.
*The patient was initially on therapeutic anticoagulation while awaiting extremity venous duplex ultrasounds, which returned as negative the
day of ICU admission labs. The patient was transitioned back to prophylactic dosing of LMWH and developed an acute PE 26 days later.
cShear elastic modulus (complete clot strength) = (5,000 x amplitude)/(100 — amplitude) with a unit of force represented as dyne/cm?
(1 dyne/cm? = 0.1 Pa).

Measures represent number (column percent) or median (interquartile range) as appropriate. n = 40 except where noted.

p values from two-sided Mann-Whitney U test for continuous variables and Fisher exact test for categorical variables.

29.5-38.2). On the day study laboratory samples were ~VTE Events

drawn, 14 patients (35%) were on mechanical ventila-
tion, 14 (35%) were on high-flow nasal cannula, seven
(17.5%) were on bilevel positive airway pressure, and
five (12.5%) were on low-flow nasal cannula. Four
patients (10%) were treated with epoprostenol and two

Among the 40 enrolled patients, 12 (30%) developed
a VTE during the index hospitalization, including
seven with PE (one central, four lobar, one segmental,
and one subsegmental) and five with DVT without PE

patients (5%) were initiated on venovenous ECMO on
the same day labs were drawn, but after enrollment.
At the time of study laboratory sample collection, all
patients were treated with either prophylactic (85%)
or therapeutic anticoagulation (15%). The median
ICU length of stay was 13 days (IQR, 7-19.5 d) and
the median hospital length of stay was 14 days (IQR,
10.5-26.5 d).

Critical Care Explorations

(Table 2). Among the 40 enrolled patients, 15 patients
underwent CTPA and six (40%) were positive for PE;
20 patients underwent extremity duplex ultrasounds
and seven (35%) were positive for DVT, all of which
were proximal. One patient who was unable to un-
dergo CTPA due to clinical instability was identified as
having a PE at autopsy. Two patients were diagnosed
with both PE and DVT. The median time from ICU
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TABLE 2.

Outcome Data Grouped by Development of Venous Thromboembolism

Outcome Variable

n (%)

Venous thromboembolism
Deep venous thrombosis
Pulmonary embolism

Renal replacement therapy

Major bleeding?

Extracorporeal membrane oxygenation (venovenous)

Inhospital death (d)

ICU length of stay (d)

Hospital length of stay (d)

All Patients VTE No VTE P
40 12 (30%) 28 (70%)
12 (30.0) 12 (100) 0 (0)
5 (12.5) 5 (41.7) 0 (0)
7 (17.5) 7 (568.3) 0 (0)

15 (37.5) 8 (66.7) 7 (25.0) 0.03
6 (15.0) 4 (33.3) 2 (7.1) 0.06
4 (10.0) 2 (16.7) 2 (7.1) 0.57

18 (45.0) 9 (75.0) 9 (32.1) 0.02

13 (7-19.5) 15.5(11-40.5) 10.5(6-14.5) 0.03

14 (10.5-26.5) 18.5 (13.5-41) 13 (10-21.5) 0.14

VTE = venous thromboembolism.

“Classified by International Society on Thrombosis and Haemostasis guidelines (14): includes four intracranial hemorrhages, one retroper-
itoneal bleed, and one hematoma in the adductor compartment with active arterial extravasation. All six patients were on therapeutic anti-
coagulation at the time of diagnosis (four patients for VTE, one for ischemic stroke, and one for extracorporeal membrane oxygenation).
Measures represent number (column percent) or median (inter-quartile range) as appropriate.

admission to diagnosis of VTE was 9.5 days (IQR,
5.5-20 d). Acute worsening of hypoxemia or circu-
latory failure were the most common indications for
VTE testing. ICU admission Sequential Organ Failure
Assessment score was not significantly different be-
tween the patients with and without VTE (Table 2) but
was significantly higher in patients who died compared
with survivors (median 6.5 vs 4, p = 0.01). Overall,
18/40 patients (45%) died during the index hospital-
ization. Inhospital death was more common among
patients with VTE (9/12, 75%) than those without VTE
(9/28, 32%) (odds ratio, 6.3; 95% CI, 1.4-29; p = 0.02).

Association of Thromboelastography
Measurements and Platelet Count With the Risk
of VTE

Thirty-seven patients (92.5%) were hypercoagulable
by at least one thromboelastography parameter on
ICU admission, with 42.5% hypercoagulable by MA,
50% by a, 80% by R, 47% by G, and 75% by clotting
index. Two patients had normal thromboelastography
parameters and both developed a VTE. One patient
was hypocoagulable by MA, a, G, and clotting index on

6 www.ccejournal.org

thromboelastography with heparinase while receiving
prophylactic UFH and did not develop a VTE. No
other patients demonstrated a hypocoagulable param-
eter. Although the majority of patients who developed
a DVT were hypercoagulable by at least one param-
eter on thromboelastography, patients who developed
VTE had significantly lower MA, a, G, and clotting
index than those who did not develop VTE (p < 0.05
for each measurement) (Fig. 1). When using thresholds
for the thromboelastography parameters to dichoto-
mize patients as hypercoagulable or not, the frequency
of VTE was not higher for the group classified as hyper-
coagulable by any of the parameters; in fact, patients
who were classified as hypercoagulable by MA and o
had lower frequency of VTE than those not classified as
hypercoagulable (Fig. 2).

In a sensitivity analysis excluding the 14 patients who
underwent thromboelastography without heparinase,
decreased measures of clot strength and rate of clot prop-
agation continued to be associated with the develop-
ment of VTE (p < 0.01 for MA, a, G, and clotting index).
The associations remained significant for thromboelas-
tography in sensitivity analyses excluding patients on
therapeutic anticoagulation at the time of baseline labs
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Figure 1. Dot plot of thromboelastography measurements and platelet counts at admission to the ICU grouped by patients who
developed venous thromboembolism (VTE, n = 12) and those who did not (no VTE, n = 28). Solid bar represents median values with
associated interquartile ranges. Dotted lines represent the upper and lower limits of the reference ranges. A, Maximum amplitude.

B, Alpha (o) angle. C, Shear elastic modulus (G parameter). D, Clotting index, lower limit of the reference range not represented. E,
Reaction time, upper limit of the reference range not represented. F, Platelet count.

(n=34,MA:p=0.02;a: p=0.02, G: p=0.02, and clotting
index: p = 0.03) and including only patients who under-
went a clinical evaluation during the index admission
(n =25, MA: p = 0.048, a: p < 0.01, G: p = 0.046, and
clotting index: p = 0.049). The cohort of patients who
underwent a clinical evaluation had a high prevalence
of events (44% of patients), which may be due to the
unit protocol recommending imaging only for patients
with signs and symptoms of VTE. Furthermore, all PEs
were segmental or more proximal and all DVTs were
proximal, suggesting that the events identified were
clinically meaningful; the one patient with a subseg-
mental PE was diagnosed on autopsy and excluded
from the sensitivity analysis of patients who underwent
a clinical evaluation.

Patients who developed VTE also had lower platelet
counts at admission to the ICU compared with patients

Critical Care Explorations

who did not develop VTE (median 186 vs 278 10°/uL,
p = 0.046). Platelet count had a positive correlation
with MA (R*=0.41, p < 0.001), a (R* =0.19, p < 0.01),
G (R*=10.49, p < 0.001), and clotting index (R* = 0.47,
p < 0.001), but no correlation with R (R* = 0.01, p =
0.58) (Fig. 3). Platelet count was not associated with
ICU length of stay (R* = 0.06, p = 0.12) or inhospital
death (p = 0.23).

DISCUSSION

Among critically ill patients with COVID-19 pneu-
monia, VTE was commonly observed despite pro-
phylactic or therapeutic anticoagulation. Although
thromboelastography values at admission to the ICU
demonstrate a hypercoagulable state in the majority
of patients, those who developed VTE had decreased
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Figure 3. Scatter plot representing the relationship between platelet count and each thromboelastography parameter. A, Maximum amplitude
(mm). B, Alpha angle (). C, Shear elastic modulus (G). D, Clotting index, and (E) reaction time.

measures of clot strength, slower clot propagation,
and lower platelet counts on ICU admission compared
with those who did not develop VTE. These findings
suggest that thromboelastography measurements are
not useful for risk stratifying critically ill adults with

8
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COVID-19 for VTE and do not support the use of
thromboelastography measurements to guide deci-
sions about anticoagulation in this population.
Consistent with previous findings, our study
found a high prevalence of hypercoagulability by

xxx 2021 « Volume 3 * Number 1



Observational Study

thromboelastography in patients with COVID-19 pneu-
monia on ICU admission (1, 3, 7). However, increased
measures of clotting on thromboelastography were not
associated with the development of VTE. In fact, patients
who developed clinically significant VTE during their
hospitalization had lower MA, a, G, and clotting index
at ICU admission than patients who did not. Our find-
ings differ from those of Mortus et al (4), who found
an association between increased MA and higher risk
of thrombotic events among critically-ill patients with
COVID-19. The rate of thrombotic events was higher in
the Mortus et al (4) study, which included arterial events,
when compared with ours (62% vs 30%); however, 92%
of their events were associated with an indwelling de-
vice or dialysis filter. Clotting of the dialysis filter was
not recorded in our study and only one of the VTEs was
associated with an indwelling line. Device-associated
thromboses are of unclear significance and may repre-
sent a different mechanism of thrombosis development.
Nevertheless, the rate of thromboembolic events in our
cohort was consistent with other previous studies with
similar methods (1, 3, 16).

Although still within the normal range, lower
platelet counts at admission to the ICU were also as-
sociated with the development of VTE. The decrease
in platelet counts may be multifactorial with contribu-
tions from critical illness, multiorgan failure, and anti-
biotics, among others. Patients who developed VTE
were exposed to a longer ICU length of stay and expe-
rienced higher rates of mortality, suggesting that they
might have suffered from an increased severity of ill-
ness. Notably, admission platelet count was not associ-
ated with ICU length of stay or mortality. However, due
to the small sample size, we were unable to account for
potential confounders and baseline differences between
the groups. Nevertheless, understanding the mecha-
nisms that lead to lower platelet counts in patients who
later develop VTE may identify additional therapeutic
targets. Increased aggregation from platelet activity pro-
vides a potential mechanism for the association between
lower platelet counts and VTE beyond the severity of
illness. COVID-19 has been shown to induce platelet
hyperactivity with altered gene expression leading to
increased P-selectin expression and faster aggregation
(17). Soluble P-selectin, a marker of platelet activation
that has been associated with acute PE, has also been
shown to be higher in patients with COVID-19 on day 3
of ICU admission compared with COVID-19-negative

Critical Care Explorations

patients admitted to the ICU (18-20). Platelet hyper-
activity may lead to increased aggregation, which may
represent early subclinical clotting, and lower serum
platelet counts (21, 22). In patients with dengue virus
infections, for example, platelet activation correlated di-
rectly with platelet depletion (23). We hypothesize that
despite lower counts, the remaining platelets may be hy-
peractive ultimately resulting in VTE.

If indeed platelet depletion is due to platelet hyper-
activity in critically ill patients with COVID-19, anti-
platelet therapies may represent an effective strategy
for thromboprophylaxis. In a randomized controlled
trial, ticagrelor decreased inflammation and platelet
aggregation while improving oxygenation in patients
with non-COVID-19 pneumonia (24). The decrease in
platelet aggregation seen with ticagrelor has also been
shown to prevent thrombocytopenia in animal mod-
els of sepsis (25). Inhibition of platelet activation pre-
vented platelet depletion by decreasing the clearance
of activated platelets by phagocytic cells in an in vitro
model of dengue virus infection (23). Ticagrelor and
other antiplatelet agents may be potential treatments
for mitigating platelet hyperactivity and preventing
VTE in critically ill patients with COVID-19.

The paradoxical association of diminished throm-
boelastography coagulation parameters with VTE may
be explained by decreased platelet counts (10, 11).
Thromboelastography parameters attempt to measure
physiologic clot formation and dissolution. MA meas-
ures clot strength with contributions from plate-
lets (80%) and fibrinogen (20%) (26). G parameter
is an amplification of MA and has been considered
the best measurement of complete clot strength (27).
Nevertheless, thromboelastography is influenced pri-
marily by the platelet count, not the activity of platelets
(10). In heparin-induced thrombocytopenia, for ex-
ample, a case report described a patient with normal
thromboelastography despite extensive arterial and ve-
nous thromboses (28). Kaolin-activated thromboelas-
tography is not a sensitive measure of platelet activity,
because it lacks platelet activators and does not measure
the interaction between the platelets and the endo-
thelium. The direct contribution of platelet counts to
thromboelastography parameters is consistent with our
finding that decreasing platelet count is correlated with
decreasing MA, a, G, and clotting index and confirmed
by previous work in this field (29). R is dependent
on clotting factors primarily, which may explain why
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R was not correlated with platelet count. Therapeutic
anticoagulants (UFH, LMWH, and direct oral antico-
agulants) inhibit clotting factors, prolonging the time
to clot formation (R) in a dose-dependent manner (10);
notably, differences in R time do not appear to be asso-
ciated with the development of VTE in this cohort.

Our study has several limitations. Patients enrolled
were predominantly males that may limit generaliza-
bility of the findings, although males have been shown
to be at higher risk for severe disease from COVID-19
(30, 31), and the study size was modest. The inclusion of
some thromboelastography measurements without the
use of heparinase may have affected our results. However,
a sensitivity analysis excluding patients who underwent
thromboelastography without heparinase demonstrated
consistent results. Screening for thromboembolic events
was not universally performed, and elevated serum tro-
ponin levels were not included, potentially underdi-
agnosing overall clotting events. The clinician-guided
screening for thromboembolic events and the removal
of the ambiguity of including elevated serum troponin
levels strengthen the study results by focusing on clini-
cally meaningful VTE, which is supported by the associ-
ation between VTE and mortality. Laboratory measures,
including pD-dimer and thromboelastography param-
eters, were visible in the electronic medical record and
may have influenced patient care, leading to increased
screening and therefore detection of more VTEs. The
small number of patients enrolled precluded analyses
accounting for the competing risk of death and adjusting
for covariates and multiple comparisons. The associa-
tions between antiplatelet agents, laboratory measures,
and outcomes were unable to be assessed due to the lim-
ited number of patients receiving antiplatelets.

Our study also has strengths. The prospective design
of this study with consecutive enrollment of eligible
patients limited bias by measuring thromboelastogra-
phy regardless of clinical suspicion for a hypercoagu-
lable state. Exclusion of patients with known prevalent
thromboembolism on ICU admission enabled an eval-
uation for associations between the thromboelastog-
raphy measurements and the risk of developing VTE,
which is more clinically meaningful than evaluating
VTE already clinically apparent. The sample size repre-
sents one of the larger studies conducted with compre-
hensive thromboelastography parameters in critically
ill patients with COVID-19 pneumonia, and the com-
bination of platelet counts adds information about the
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interpretation of thromboelastography and potential
mechanism of VTE formation.

CONCLUSIONS

Increased measures of clotting and hypercoagulability
on thromboelastography were not associated with the
development of clinically significant VTE in critically
ill patients with COVID-19 pneumonia. These find-
ings do not support the use of thromboelastography
to guide the initiation of anticoagulation in this pop-
ulation. The lower platelet counts observed in patients
who developed VTE may reflect increased platelet ac-
tivation and aggregation. Platelet counts may be a po-
tential prognostic tool and antiplatelet agents may have
a therapeutic role in patients with severe COVID-19
pneumonia. Future studies evaluating the safety and
efficacy of antiplatelet strategies to prevent thrombo-
embolic events in this population are needed.
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