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Objectives: Coagulopathy of coronavirus disease 2019 is largely
described as hypercoagulability, yet both thrombotic and hemor-
rhagic complications occur. Although therapeutic and prophylactic
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anticoagulant interventions have been recommended, empiric use of
antifactor medications (heparin/enoxaparin) may result in hemorrhagic
complications, including death. Furthermore, traditional (antifactor)
anticoagulation does not address the impact of overactive plate-
lets in coronavirus disease 2019. The primary aim was to evaluate if
algorithm-guided thromboelastography with platelet mapping could
better characterize an individual's coronavirus disease 2019-related-
coagulopathic state and, secondarily, improve outcomes.

Design, Setting, and Patients: Coronavirus disease 2019 patients
(n = 100), receiving thromboelastography with platelet mapping
assay upon admission to an 800-bed tertiary-care hospital, were
followed prospectively by a hospital-based thromboelastography
team. Treating clinicians were provided with the option of using a pre-
established algorithm for anticoagulation, including follow-up throm-
boelastography with platelet mapping assays. Two groups evolved:
1) patients managed by thromboelastography with platelet mapping
algorithm (algorithm-guided-thromboelastography); 2) those treated
without thromboelastography with platelet mapping protocols (non-
algorithm-guided). Outcomes included thrombotic/hemorrhagic com-
plications, pulmonary failure, need for mechanical ventilation, acute
kidney injury, dialysis requirement, and nonsurvival.

Interventions: Standard-of-care therapy with or without algorithm-
guided-thromboelastography support.

Measurements and Main Results: Although p-dimer, C-reactive pro-
tein, and ferritin were elevated significantly in critically ill (nonsurvi-
vors, acute kidney injury, pulmonary failure), they did not distinguish
between coagulopathic and noncoagulopathic patients. Platelet
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hyperactivity ~(maximum amplitude-arachidonic  acid/adenosine
diphosphate > 50min), with or without thrombocytosis, was asso-
ciated with thrombotic/ischemic complications, whereas severe
thrombocytopenia (platelet count < 100,000/pL) was uniformly fatal.
Hemorrhagic complications were observed with decreased factor
activity (reaction time > 8min). Non-algorithm-guided patients had
increased risk for subsequent mechanical ventilation (relative risk =10.9;
p < 0.0001), acute kidney injury (relative risk = 2.3; p = 0.0017),
dialysis (relative risk = 7.8; p < 0.0001), and death (relative risk = 7.7;
p < 0.0001), with 17 of 28 non-algorithm-guided patients (60.7%)
dying versus four algorithm-guided-thromboelastography patients
(5.6%) (p < 0.0001). Thromboelastography with platelet mapping—
guided antiplatelet treatment decreased mortality 82% (p = 0.0002),
whereas non-algorithm-guided (compared with algorithm-guided-
thromboelastography) use of antifactor therapy (heparin/enoxaparin)
resulted in 10.3-fold increased mortality risk (p = 0.0001).

Conclusions: Thromboelastography with platelet mapping better
characterizes the spectrum of coronavirus disease 2019 coagulation-
related abnormalities and may guide more tailored, patient-specific
therapies in those infected with coronavirus disease 2019.

Key Words: COVID-19 anticoagulation; COVID-19 coagulopathy;
platelet hyperactivity; platelet mapping; TEG-PM; thromboelastrography

coronavirus 2 (SARS-CoV-2) may lead to development of

coagulopathy, most typically a hypercoagulable state (1). This
concern has led to empiric or pre-emptive treatment with antico-
agulants (1). However, in addition to thrombotic conditions, corona-
virus disease 2019 (COVID-19) patients may develop hemorrhagic
complications, which have been underrecognized or inadequately
emphasized in prior studies (1-5). Although most autopsy reports
describe a high frequency of venous/arterial thromboemboli or
microthrombi associated with pulmonary failure (PF) and acute kid-
ney injury (AKI), some patients do present with manifestations of
cerebrovascular, gastrointestinal, and/or pulmonary bleeding (3-7).
Under these circumstances, incorrect anticoagulation therapy might
be harmful. Early characterization of patient-specific coagulopathy
may not only avoid iatrogenic incidents but may also improve out-
comes, especially when considering that COVID-19 coagulopathy
can insidiously lead to respiratory and renal complications, dissemi-
nated intravascular coagulation (DIC), and death (8, 9).

Marked elevation in coagulation-related markers such as
D-dimer, C-reactive protein (CRP), and fibrin degradation prod-
ucts (FDPs) are typically found among those with isolated throm-
boses, encouraging a similar diagnostic approach when evaluating
coagulopathic complications seen in patients with COVID-19
(9-11). However, p-dimer, CRP, and FDP can also indicate a
marked inflammatory state and, together with conventional coag-
ulation tests (CCTs)—prothrombin time (PT), partial thrombo-
plastin time (PTT), and international normalized ratio (INR), do
not reflect the complexities of COVID-19 coagulopathy (8, 12,
13). Most importantly, these laboratory variables do not charac-
terize the significant and multifaceted platelet activity abnormali-
ties of COVID-19 (14, 15). Studies have now identified altered
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platelet gene expression leading to increased platelet aggregation
and hypercoagulability (14, 15). Overall, the various components
of COVID-19 coagulopathy, thrombotic or hemorrhagic, still
need to be characterized better, and, in turn, COVID-19 coagu-
lopathy remains a complex diagnostic and treatment challenge.

Thromboelastography (TEG), being a whole blood assay, is a
more inclusive technology that evaluates the overall contribution
of blood cells, platelets, and plasma during clot formation by mim-
icking in vivo coagulation processes (16-18). TEG can measure
profound hemostatic derangements, and it identifies key dysfunc-
tional components, from the initiation phase of blood clotting to
the fibrinolysis phase (1, 12, 13, 16-21). Accordingly, TEG could
be considered another useful tool in the current pandemic (1, 18,
21). Moreover, recognizing the frequent platelet abnormalities in
COVID-19, platelet mapping (PM) can be added as an adjunct
to TEG, particularly as platelet aggregation and microthrombi
formation have now become key clinical concerns (14). However,
clinical data are lacking with regard to characterization of platelet
dysfunction and particularly when using TEG with platelet map-
ping (TEG-PM). Considering its potential advantages, TEG-PM
might be able to better guide treatment of patients with identified
platelet dysfunction (22, 23).

Most important, it is not known if TEG-PM can better identify
an individual’s coagulopathic state and, in turn, better guide treat-
ment. We hypothesized that: 1) TEG-PM could become a facile
tool for improved characterization of patient-specific COVID-19
coagulopathy, 2) TEG-PM would more accurately delineate the
platelet-related contribution to any COVID-19 coagulopathy, and
3) TEG-PM-guided therapy intended to target patient-specific
dysfunctional blood components will not only help to avoid iat-
rogenic complications but also likely lead to improved patient
outcomes.

METHODS

Participants and Design

Over a 5-month period during the SARS-CoV-2 pandemic,
patients (age 18 years or older) admitted to an 800-bed tertiary
care facility with a confirmed diagnosis of COVID-19 were
entered into the study. Per routine, in addition to the standard
work-up, during the emergency department evaluation, patients
with hypoxemia (oxygen saturation < 92% on room air) received
coagulopathy evaluation using TEG-PM. The hospital-based
Thromboelastography Task Force (TTF) prospectively followed
100 patients meeting these criteria to assist with the application
and interpretation of initial and on-going TEG findings. TTF
members provided treating clinicians with the option of using
pre-established (pre-COVID) TEG-PM protocols/algorithms for
managing coagulopathy, both thrombotic and hemorrhagic. As
a part of the TEG-PM algorithm, TEG-PM was repeated every
48-72 hours or with any significant clinical deterioration (e.g.
worsening hypoxemia, cardiac arrhythmia, escalation of care).
Although the TTF could be consulted for TEG interpretation and
anticoagulant suggestions, the primary team made all final thera-
peutic decisions.
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All study patients were followed and observed throughout their
hospital course to evaluate the following: 1) the accuracy of TEG
readings as interpreted or reported by the attending clinician of
record, 2) any noted justifications for medication adjustments, and
3) relevant laboratory and clinical data with eventual outcomes.
Patient charts were also abstracted and reviewed for demograph-
ics, medical history, hospital course, and imaging interpretations,
both prospectively and in retrospective fashion, when necessary
to complete the data collection. Inflammatory markers as well as
at-home or in-hospital use of anticoagulants were noted, includ-
ing antifactor (e.g., warfarin, heparin, enoxaparin, argatroban, or
rivaroxaban) and antiplatelet medications (e.g., aspirin, clopido-
grel, or ticagrelor).

The study was approved by the Memorial Healthcare
Institutional Review Board with waiver of consent.

Interventions

The hospital’s multidisciplinary T'TF team had been an established
entity prior to the COVID-19 crisis. Comprised of cross-specialty
physicians, pharmacists, laboratory staff, and registered nurses,
the team had constructed both hypo- (Appendix 1, Supplemental
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Digital Content 1, http://links.lww.com/CCX/A430) and hyperco-
agulable (Fig. 1) TEG treatment algorithms for various applicable
conditions in order to aid treating clinicians in choosing appro-
priate anticoagulant therapies. When patients were identified as
medication nonresponders, alternate treatments were suggested
by the algorithm in order to create the most comprehensive, indi-
vidualized approach to treating patients’ hypercoagulability. Per
routine, most patients received an initial prophylactic dose of
enoxaparin or heparin at the time of admission.

Identification of Coagulopathy Based on TEG-PM

The processing device used was TEG 5000 Thrombelastograph
Hemostasis Analyzer (manufactured by Haemonetics, Boston,
MA), with PM employed to specifically assess activation of
the platelet’s cyclooxygenase 1 (maximum amplitude [MA]-
arachidonic acid [AA]) and P2Y12 pathways (MA-adenosine
diphosphate [ADP]). Additional Methodological Details
(Supplemental Digital Content 2, http://links.lww.com/CCX/
A429), which contain specific information regarding hyper-,
hypo-, and normocoagulable TEG variables, are appended as an
online supplement (24-26).

COVID-19 Anticoagulation Monitoring
Thomboelastography (TEG) VTE Prophylaxis Guideline

Consider clotting factors (R) and platelets (MA) together

I MA(AA) and/or (ADP) is between 30-45

| MA(AA) and/or (ADP) is below 30—

Enoxaparin 0.5 mg/kg SQ BID
Consider | or hold antiplatelet

*1 Enoxaparin by 0.25 mg/kg if R is persistently below 4.5

I MA(AA) and (ADP) are above 45

Standard or current enoxaparin prophylaxis
1 or add aspirin®

»

Ris 4.5-6 I MA(AA) and/or (ADP) is between 30-45 I_ Standard (03[0 ?;l;ﬁa? ;n(jc;:gp:sr:)r;ri[;rophylaxis
[Coomandareom s o1 o
| MA(AA) and (ADP) are above 45 f— C""SiderT lc):’;zg'g:p';gﬁgaguwnf

Ris>6" I MA(AA) and/or (ADP) is between 30-45 I— Consider | or hold anticoagulant

*| Enoxaparin in increments of 0.25 mg/kg

Repeat TEG Platelet Mapping every 48-72 hours

May also consider aspirin if ActF is > 20

#If MA (AA) and (ADP) are persistently above 45, consider adding or changing to clopidogrel or ticagrelor

Every patient’s clinical scenario is unique. This algorithm is a recommendation and is NOT a substitute for appropriate clinical judgement by treating physicians

Figure 1. Thromboelastography (TEG)—guided venous thromboembolism (VTE) prophylaxis in a setting of a hypercoagulable TEG. AA = arachidonic acid,
ADP = adenosine phosphate, COVID-19 = coronavirus disease 2019, MA = maximum amplitude, R = reaction time, SQ = subcutaneous.
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Follow-up TEG-PM assays were clinician ordered and col-
lected every 48-72 hours when possible. The treating clinicians
could contact the TTF at any time to assist in TEG interpreta-
tions and for guidance with the treatment algorithm, taking into
consideration that coagulation status can be an ever-changing
dynamic, often varying with patient’s clinical condition. Again,
final diagnostic and therapeutic decisions, including the ordering
and use of the TEG algorithm, were made by the primary treating
clinicians.

Categorization of Patients

Although many clinicians used the TEG algorithm and consulted
the TTF for on-going TEG support, not all practitioners chose
to follow the proscribed TEG-guided approach. As a result, two
groups evolved allowing for a de facto comparative analysis: (1)
the algorithm-guided (AG)-TEG group which included patients
managed by TEG algorithm and (2) the non-AG group which was
managed without those protocols. Patients in the non-AG group
received prophylaxis or treatment doses of anticoagulants (hepa-
rin, enoxaparin and other antifactor medications) based on clinical
judgment. Nevertheless, once identified by the initial TEG in the
emergency department, all 100 patients were followed to discharge.

Main Outcomes Analyzed

In addition to the demographic, historical, TEG-PM, and clinical
laboratory data, patients were monitored for therapies initiated,
their general clinical course, and significant clinical decision-
making. Specific study outcomes included rates of PF and need
for mechanical ventilation (MV), ICU admission and length of
stay (LOS), AKI and need for dialysis, and the rates of survival/
mortality.

Statistical Analysis

Univariate comparison was performed using Student ¢ test and
Wilcoxon rank sum test for continuous variables. Paired continu-
ous data was analyzed using paired t test. Categorical data were
evaluated using chi-square or Fisher exact test, depending on
the sample size. Relative risk of mortality was also calculated. All
statistical analyses were performed using SAS 9.4 (SAS Institute,
Cary, NC).

RESULTS
Among the 100 patients studied, ages ranged from 32 to 91 years,
and 67% were male, 46.5% African American, 29.3% Hispanic. At
presentation, 78% had fever, 79% respiratory symptoms (cough
and/or dyspnea), and 21% gastrointestinal symptoms (abdominal
pain, diarrhea, nausea, vomiting, constipation). Past medical his-
tory included hypertension (55%), diabetes (38%), hyperlipidemia
(33%), remote history of smoking (17%), chronic obstructive pul-
monary disease or asthma (9%), and smoking prior to hospital-
ization (2%). Following admission, one third of all patients were
transferred to the ICU for closer monitoring, and 37% were diag-
nosed with AKI, 8% required dialysis, whereas 21% were intu-
bated and ultimately succumbed to COVID-19.

On initial presentation, TEG-PM was balanced (e.g. contained
normal variables) in 38% of the patients; however, TEG factors
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fluctuated throughout the hospital course paralleling clinical pro-
gression and medication adjustments. Ultimately, 72 patients were
categorized as having followed TEG algorithms (AG-TEG group),
whereas 28 patients were included in the non-AG group for whom
anticoagulation was managed independent of TEG variables.

Table 1 provides comparison demographics for AG-TEG ver-
sus non-AG patients. Overall, the two groups were comparable.
The AG-TEG group had more male patients and fewer patients
with hypertension history, but there were no significant differ-
ences in home use of antifactor and/or antiplatelet anticoagulants
or the number of non-AG and AG-TEG patients who required
initial/early ICU (within 48 hours) admission or MV (Table 1).

Inflammatory markers were associated with clinical deteriora-
tion, PE, AKI, and death (data not shown). p-dimer was signifi-
cantly higher in non-AG patients, but ferritin and CRP were not
significantly different between the two groups (Table 2). These
markers reached peak measurements of varying levels within 1-4
days of maximal respiratory requirements, but they did not dif-
ferentiate between coagulopathic and noncoagulopathic patients,
making them less clinically applicable regarding the COVID-19
coagulation status.

Main Outcomes

The non-AG patients had prolonged LOS, increased fre-
quency of eventual ICU admission, PE, MV, AKI, and dialy-
sis. Compared with only four AG-TEG patients, 17 non-AG
patients died (p < 0.0001) (Table 2). The non-AG group had a
nearly 11-fold increased risk for MV (p < 0.0001), 2.3 for AKI
(p =0.0017), 7.8 for dialysis (p < 0.0001), and a 7.7-fold increased
risk of death (p < 0.0001).

Complications

Table 3 demonstrates 18 representative coagulopathic TEG-PM
assays from both groups, anticoagulation regimens used in
those individuals and their associated complications (e.g. major
bleeding, thrombosis, death). Ischemic complications were
typically associated with platelet hyperactivity (MA-AA/ADP >
50 mm), even sometimes in the face of antiplatelet administra-
tion (medication nonresponders). Mild increases in MA-AA/
ADP (> 60mm) were associated with increased need for MV,
whereas isolated thrombotic complications such as deep vein
thrombosis (DVT), venothrombo-emboli (VTE), or ischemic
strokes were seen with MA-AA/ADP greater than 70 mm.
Platelets were often noted to rise during the time of clinical dete-
rioration and worsening hypoxemia. Extreme thrombocytosis
(> 500,000/uL) was not uniformly associated with worse out-
comes, but rather, complications did parallel platelet hyperactiv-
ity (MA-AA/ADP > 50 mm).

Bleeding complications were related to problems with clot
initiation (reaction time [R] > 8 min), often in the setting of full
antifactor anticoagulation. When prolonged R was combined with
severe platelet hyperactivity (MA-AA/ADP > 80 mm), both isch-
emic and hemorrhagic complications cooccurred (Table 3, Patient
F). However, a minimal increase in platelet function (MA-AA/
ADP 50-60 mm) could also be balanced through decreased factor
activity (R > 7), preventing complications.

2020 * Volume 2 * e0287



Observational Study

TABLE 1. Demographics of Patients With Algorithm-Guided (AG)-Thromboelastography and

Non-AG-Guided Care
Comparative Characteristics Non-AG (n = 28) AG-TEG (n =72)
Age
Mean =+ st 644+ 29 598+ 1.8
Median (IOR) 66 (61-77) 60 (46-70)
Gender, n
Male 13 46.4 54 75.0
Race, n
Caucasian 222 14 19.4
African American 14 51.9 32 44.4
Hispanic B 185 24 33.3
Asian 1 3.7 1 1.4
Native American 1 3.7 1 1.4
Medical history
Body mass index
Mean =+ se 339+ 16 30910
Median (IQR) 32.6 (30-36) 28.8 (25-34)
Coronary artery disease/congestive heart failure 3 10.7 11 15.3
Myocardial infarction 0 0.0 6 6.9
Cardiac arrhythmia 4 14.3 6.9
Hyperlipidemia 7 25.0 26 36.1
Hypertension 20 71.4 35 48.6
Diabetes mellitus 15 53.6 23 319
Asthma/chronic obstructive pulmonary disease 2 71 7 9.7
Smoking (current) 1 36 1 1.4
Smoking (past) 6 21.4 11 15.3
Malignancy 3 10.7 5 6.9
Chronic renal disease 5 179 8 11
Hemodialysis 3 10.7 4 5.6
Deep venous thrombosis/pulmonary embolus 1 3.6 4 5.6
Steroids/immunosuppression 0 0.0 3 4.2
Home anticoagulant use 8 28.6 21 29.3
Full anticoagulant (antifactor) 3 10.7 4 5.6
Antiplatelet 6 21.4 18 256.0
Initial admission
Initial noncoagulopathic TEG 8 28.6 30 41.7
ICU (within 24 hr) 25.0 15 20.8
Intubated (within 24 hr) 2 71 1 1.4
AG = algorithm-guided, IQR = interquartile range, TEG = thromboelastography.
Full anticoagulant (antifactor) includes medications like coumadin, apixaban, enoxaparin.
Ciritical Care Explorations www.ccejournal.org 5
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TABLE 2. Outcomes of Patients With Algorithm-Guided (AG)-Thromboelastography and
Non-AG-Guided Care

AG-Thromboelastography

Key Findings Non-AG (n = 28) (n=72)

Hospital course

Inflammatory markers

p-dimer
Mean = se 120+ 20 54 +£09 0.0012
Median (IQR) 8.7 (4-19) 1.8 (1-6) 0.0010
C-reactive protein
Mean * se 16.7+£1.3 376 £ 23.4 0.3755
Median (IQR) 16.5 (12-20) 13.6 (8-18) 0.0938
Ferritin
Mean + se 2,946.6 £ 710.6 1,679.9 £ 2578 0.0797
Median (IQR) 1,728 (752-3,519) 1,143 (624-1,934) 0.0915
Platelets
Mean * se 3932 + 333 404.0 £ 205 0.7819
Median (IQR) 390.0 (277-470) 372.5 (288-519) 0.8572
Treatment
Remdesivir 12 429 34 472 0.6941
Tocilizumab 10 35.7 18 25.0 0.2840
Steroids 23 85.2 39 54.2 0.0045
Convalescent plasma 13 46.4 25 34.7 0.2789
Hospital (anticoagulant) administration
Full anticoagulant (antifactor) 19 70.4 26 36.1 0.0023
Nonsurvivors 12 429 3 4.2 < 0.0001
Antiplatelet 11 393 59 81.9 < 0.0001
Nonsurvivors 8 28.6 3 4.3 0.0005
Outcomes
Nonsurvivors 17 60.7 4 5.6 < 0.0001
Overall hospitalization
ICU admission (all) 19 679 21 29.2 0.0004
Intubated (all) 17 60.7 4 5.6 < 0.0001
ICU LOS
Mean + se 11.0+£33 3711 0.0456
Median (IOR) 8(0-14) 0 (0-7) 0.0346
Hospital LOS
Mean =+ st 23.2 + 3.1 142+13 0.0122
Median (IOR) 18 (12-28) 105 (6-17) 0.0016
Acute kidney injury 17 68.0 20 294 0.0007
Hemodialysis 6 22.2 2 2.8 0.0017

AG = algorithm-guided, IOR = interquartile range, LOS = length of stay.
Antifactor (heparin, enoxaparin); antiplatelet (aspirin, clopidogrel, ticagrelor).
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For nonsurvivors, irreversible thrombocytopenia (< 100,000/uL)
was an unmistakable sign of deterioration/death (Table 3, Patients
I, K, R). When TEG variables were outside of their physiologic
norm, death was more likely to occur (R > 10 min; percentage of
lysis at 30 min [LY30] > 10%). Prolonged R (Table 3, Patients ], K, L,
P R, Q) or high LY30 (Table 3, Patients M, P, Q) denoted those with
severe “hypocoagulability”. Conversely, uncorrected “hypercoagu-
lability” of Patient N with persistently overactive platelets (MA-AA
> 70mm and ADP > 50mm), early clot initiation (R < 4.5min),
and high activator F was also associated with patient demise.

Thromboelastography-Guided Anticoagulation

Among the 72 patients, who received TEG-guided anticoagula-
tion (antifactor or antiplatelet) management, TEG-PM was typi-
cally repeated every 48-72 hours (90% of the time). Correction of
TEG variables to R ~6 min and MA-AA/ADP less than 40-55 mm
was associated with greatly improved survival, decreased rates
of ICU admission, MV, and AKI (Table 2). In addition to proper
characterization of coagulopathy, TEG-PM frequently identified
antiplatelet nonresponders, requiring dose increase or substitu-
tion of medications. Overall, use of TEG-guided antiplatelet med-
ications decreased mortality by 82% (p = 0.0002).

Patients in the non-AG treatment group were more likely to
have received full dose antifactor/anticoagulation with heparin or
enoxaparin (Table 2). A total of 45 patients (both groups) received
full (antifactor) anticoagulation; AG-TEG group followed TEG
protocols for escalation and de-escalation of antifactor anticoagu-
lation. Of the nonsurvivors, 12 (42.9%) were in the non-AG treat-
ment group and three (4.2%) in the AG-TEG group, p < 0.0001.
Accordingly, the non-AG use of antifactor treatment, without
adjustments based on R, was associated with 10.3 times increased
risk of mortality (p = 0.0001).

A total of 10 patients with representative TEG-PM, before and
after TEG-guided anticoagulation adjustment of anticoagulation
medications are listed in Table 4. Increase in antifactor medica-
tions allowed for R prolongation in most cases, whereas antiplate-
let medications decreased platelet activity (MA-AA/ADP). Of
note, patients were often found to have inadequate platelet sup-
pression with aspirin 81 mg alone. If incremental increase in aspi-
rin dosage (162 or 325 mg) failed to show decreases in MA-AA or
if MA-ADP remained extremely high (> 70 mm), clopidogrel or
ticagrelor was added to the regimen.

DISCUSSION

In this study, TEG-PM is introduced as a more tailored, patient-
specific approach to diagnosing COVID-19 coagulation abnor-
malities. TEG-PM better characterizes and emphasizes the
spectrum of coagulopathic disorders and may indeed guide more
appropriate, individualized therapies in patients infected with
COVID-19.

The experience and results of this study have already led to an
ever-increasing number of clinicians at the study’s institution to
fully adopt the use of TEG-PM as a way to: 1) better characterize
the specific coagulopathy found in any given COVID-19 patient,
2) more accurately delineate the underrecognized platelet contri-
bution to any coagulopathy, and 3) better guide patient-specific
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anticoagulation management with the hope of improving patient
outcomes.

It has been postulated that most signs and symptoms associ-
ated with COVID-19 are secondary to a coagulopathy (2, 27).
Infected patients of all ages can present with arterial and venous
thromboses (DVT and pulmonary emboli) and/or microthrombi
causing PF and AKI, myocardial infarctions, ischemic and hemor-
rhagic strokes, or DIC and death (2, 5, 6, 27, 28). Coagulopathy is
reported to carry an 11.5% mortality rate (9). The current study
showed a significantly increased risk for MV and AKI in patients
whose coagulopathy (as diagnosed by TEG-PM) did not resolve
(Table 2) as well as a 7.7-fold increased risk of death (p = 0.0001).

With presenting symptoms and signs being highly variable and
complications ranging from thrombotic to hemorrhagic, the diagno-
sis of coagulopathy remains difficult, yet of paramount importance.
Based on our findings and those of others, a “hypercoagulable” state
does not define the entire coagulopathic spectrum of COVID-19 (3,
7). Patient H (Table 3) presented with ischemic and hemorrhagic
complications and was found to have prolonged R on TEG-PM in a
setting of platelet hyperactivity. Overall, hemorrhagic complications
were associated with factor inactivity and inability to initiate clot for-
mation (R > 8 min), whereas ischemic complications occurred with
platelet hyperactivity (MA-AA/ADP > 50 mm). Others proceeded to
DIC and death with extremes of TEG variables (R > 10min or LY30
> 10%), including primary fibrinolysis, previously noted to carry a
70-100% mortality rate in critically injured patients (29).

Although inflammatory markers and CCTs have been associ-
ated with higher risk of coagulopathy in COVID-19 patients, they
did not differentiate between coagulopathic and noncoagulo-
pathic patients (9). Counterintuitively, prior studies have reported
a 31% frequency of thrombosis in ICU patients when PT/PTT
values were elevated (hazard ratio = 4.1) (2). Higher levels of
CRP, p-dimer, FDPs, and prolonged PT/PTT were also found in
COVID-19 nonsurvivors and among those with worsening respi-
ratory failure, likely reflecting systemic inflammatory response
(9, 11, 18). The current study did confirm that higher levels of
D-dimer, CRP, and ferritin were associated with increased rates of
PE, AKI, and mortality, but also demonstrated no change in PT/
PTT/INR variables until demise was imminent (data not shown).
In several studies, diagnosis of coagulopathy was only based on
CCTs, anti-Xa, and inflammatory markers, rather than TEG (30-
32). In this study, most patients received some form of antifactor
prophylaxis at admission. However, use of prophylactic and/or
therapeutic non-AG antifactor medications as compared to those
guided by TEG-PM was associated with a 10.3-fold increased risk
of mortality (p = 0.0001). One consideration is that coagulopathy
of COVID-19 may include “hypocoagulability”, further exacer-
bated through administration of anticoagulants. Therefore, TEG
guidance regarding antifactor medication administration may
identify patients at risk for bleeding and further bridge the gap
between survivors and non-survivors.

A small number of studies have reported the use of TEG to
identify hypercoagulability in COVID-19 patients, but the specific
TEG-PM approach to manage platelets has not been described,
despite the known complexities of platelet dysfunction as fur-
ther demonstrated in this study (12, 22, 27, 33-36). Considering
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TABLE 4. Algorithm-Guided Treatment Using Antifactor (Heparin, Enoxaparin) and Antiplatelet
(Aspirin, Clopidogrel) Medications; Comparison of 10 Before/After Thromboelastography
With Platelet Mapping

Anticoagulation Medications

Thromboelastography With Platelet Mapping Variables

Inflammatory Markers

MA- MA-Ara- C-
Patient Reaction Alpha Adenosine chidonic Lysis at Activator Reactive
No. Antifactor Antiplatelet Treatment Time Angle MA Diphosphate Acid 30 Min F p-dimer Protein Ferritin
1 Heparin 5,000 None Initial 50 738 70 68 70.3 0 18 0.96 2.1 986
BID
Heparin 5,000 BID  Aspirin 81 mg Basedon 70 683 69 67 25 0 20 1.1 8D 1,516
TEG
2 None None Initial 38 802 79 66 629 1 198 2.1 12 816
Heparin 5,000 BID  Aspirin 81 mg Basedon 42 781 72 74 314 3 256.1 1.7 3.1 524
TEG
g None None Initial 32 792 79 5 814 0 28 140 17 1,089
Heparin 5,000 BID  Aspirin 325 mg Basedon 42 771 77 76 429 0 28 4.3 1.3 1,256
TEG
4 Enoxaparin 40 QD  Aspirin 325 mg  Initial 59 761 80 83 84.3 1 26.9 1.1 2.5 990
Enoxaparin 40 BID  Aspirin 81 mg, Basedon 71 697 78 77 62.9 0 26 Not 1.1 829
clopidogrel TEG available
75 mg
5  None None Initial 46 763 77 86 785 0 33 4.7 11 1,639
Enoxaparin 100 BID Aspirin 81 mg Basedon 72 66 72 55 571 0 19 4.2 6.8 1,080
TEG
6  Heparin 5000 TID  None Initial 78 783 86 87 873 0 43 2.8 12.3 787
Heparin 5,000 TID  Aspirin 81 mg, Basedon 38 804 83 40 58.1 0 34 1.2 3.1 284
clopidogrel TEG
75 mg
7 Enoxaparin 40 QD  Clopidogrel 756 mg Initial 4.7 79 81 76 82.9 0 35 1.5 15.8 206
Enoxaparin 40 QD Aspirin 81 mg Basedon 33 789 81 77 40 0 31 35 4.46 150
TEG
8  Enoxaparin 40 QD  None Initial 43 749 69 78 68.4 2 16 1.89 0.29 124
Enoxaparin 30 BID  Aspirin 81 mg Basedon 47 735 69 68 49.3 3 15 1.09 0.19 91
TEG
9  Enoxaparin 100 BID None Initial 51 745 71 72 76.56 1 19 9.3 4.2 490
Enoxaparin 80 BID  Aspirin 81 mg Basedon 48 754 59 38 35 0 17 296 2.3 274
TEG
10 Enoxaparin 40 QD None Initial 37 772 76 53 71.1 0 25 4,05 5.9 2,079
Enoxaparin 100 BID Aspirin 81 mg, Based 45 716 68 34 24.7 0 12 1156 35 2,041
clopidogrel on
75 mg TEG

BID = twice daily, MA = maximum amplitude, QD = once daily, R = reaction time, TEG = thromboelastography, TID = three times daily.

that platelets become hyperactive and have the ability to aggre-
gate faster in COVID-19, TEG-PM appears to be a useful test
to more optimally identify and characterize platelet dysfunction
and, in turn, guide treatment (14, 36-40). In this study, corrected
coagulopathy, largely platelet-related, was associated with what
appeared to be markedly improved outcomes, including enhanced
likelihood of survival.

Critical Care Explorations

Given the sheer volume of patients being diagnosed with COVID-
19, it might not be feasible to perform TEG-PM testing in every con-
firmed COVID-19 patient. But based on these preliminary findings,
high-risk patients with respiratory decline or other early organ fail-
ure should advisedly receive TEG-PM evaluation and, by all indica-
tions, the earlier the better. While use of TEG-PM emphasizes the
tailoring of an individualized approach to care, management can
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be standardized to a large degree through pre-existing algorithms.
Based on the preliminary results in this study, TEG-guided treat-
ment appeared to make a significant difference compared with the
cases in which TEG variables were not followed (40).

The main limitation of this study is that it remains observa-
tional in nature, rather than a randomized controlled trial testing
TEG-guided management. Patients were followed prospectively in
order to reliably capture all the data and document the clinical deci-
sions regarding TEG-guided medication adjustments. However,
the treating clinicians, regardless of their use of the TEG-PM algo-
rithm and/or TTF support, were ultimately responsible for choos-
ing patient’s anticoagulation management. Additionally, during the
COVID-19 surge, the overwhelming demand for coagulopathy
assessment using TEG-PM required the recruitment and training
of multiple TTF teams. Only one team was involved with data-gath-
ering, which may have led to an inadequate or biased sample size,
although patients were randomly distributed among the TTF mem-
bers. Also, although unrecognized confounding variables may have
had an impact in this unadjusted exploratory analysis, the non-AG
and AG-TEG groups overall appeared to be well-matched based on
their demographics and admission criteria as seen in Table 1.

Another study limitation is that our patients were derived
from one specific geographical and demographic setting, which
is not large enough to represent the overall population of
COVID-19 patients nor the many nuances of COVID-19 disease.
Consequently, there is a potential selection bias that may limit the
applicability of this study more broadly. Nevertheless, the hyper-
and hypocoagulable algorithms created by the institutional TTF
are of great value as a template and therefore should undergo
external validation and additional testing with further evaluation
in controlled trials.

CONCLUSIONS

As confirmed by this study, COVID-19 coagulopathy has a multi-
faceted, chameleon spectrum of coagulopathy with platelet aber-
rations often playing a large role. Therefore, we recommended
that patient-tailored diagnosis/characterization and treatment
of COVID-19 coagulopathy should be based on a standardized
algorithm employing TEG-PM. Although yet to be confirmed
in other settings, the results here suggest that TEG-PM may be
a mechanism to improve outcomes for COVID-19 patients, and,
most importantly, it may reduce the risk of potential iatrogenic
complications through indiscriminate use of anticoagulation
medications. Most optimally, anticoagulant treatment should be
tailored according to TEG-PM as some coagulopathic patients
with COVID-19 are actually “hypocoagulable”, indicating a risk
for bleeding, whereas many others have a significant platelet activ-
ity dysfunction that creates the “hypercoagulable” state. Some
patients do not respond to first-line medications, and therefore,
on-going TEG-PM assays and protocols are also indicated to
guide the next steps in treatment (40).
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