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Letter to the Editors-in-Chief

Correlation of indirect markers of hypercoagulability with thromboelastography in severe
coronavirus 2019

To the Editor:

As coronavirus 2019 (COVID-19) expands globally, its clinical het-
erogeneity has become increasingly apparent. In addition to varying
presentations of respiratory failure and Acute Respiratory Distress
Syndrome (ARDS), patients infected with the SARS-CoV-2 virus are also
observed to have an increased incidence of thrombotic complications
[1]. Autopsy reports performed on patients with severe COVID-19
support these findings, demonstrating intra-alveoloar fibrin deposition,
endothelial injury, and wide-spread thrombosis with microangiopathy
without obvious hyaline membrane formation or neutrophilic invasion
seen commonly in other forms of ARDS [2,3].

Given these concerns, we sought to evaluate evidence of hy-
percoagulability in a cross-section of critically ill patients with con-
firmed COVID-19 admitted for hypoxemic respiratory failure to the
Intensive Care Unit (ICU) at Walter Reed National Military Medical
Center. On a single date, we evaluated the records of five patients re-
siding in the ICU (3 female and 2 male). Four patients were on me-
chanical ventilation and one patient was on a combination of high-flow
nasal oxygen and non-invasive ventilation.

The patients ranged in age from 24 to 80 years-old with length of
admission to the ICU from three to 22 days; total ventilator days ranged
from one to 18. All patients were obese and had a minimum of two
chronic medical conditions. Four patients were placed on mechanical
and chemoprophylaxis (enoxaparin 40 mg subcutaneous once daily) at
the time of hospital admission, and one patient was on mechanical
prophylaxis and therapeutic anticoagulation with unfractionated he-
parin for atrial fibrillation (verified by serial aPTT). In addition to
supportive care, all patients received a 5-day course of azithromycin
and hydroxychloroquine.

In light of elevated fibrin degradation product (D-dimer) levels,
worsening clinical status, and hypoxemia disproportionate to imaging,
all five patients were assessed for venous thromboembolism (VTE).
Clinically indicated laboratory studies including thromboelastography
(TEG), coagulation panels [prothrombin time, PT; activated partial
thromboplastin time, aPTT; international normalized ratio, INR; and
fibrinogen], platelet count, D-dimer, and lower extremity Doppler ul-
trasounds were obtained and analyzed over a twenty-four hour period.
Venous blood samples were collected to measure coagulation panels,
platelet counts, and D-dimer levels. Lower extremity ultrasounds were
performed in accordance with standards of practice for the clinical in-
dication of ruling-out VTE. Radiographic evaluation for pulmonary
embolism was not performed due to patient instability for transport.

TEG was performed within 1 h of specimen collection using TEG ®

5000 Thromboelastograph ® Hemostasis Analyzer System (Haemonetics
Corporation, 125 Summer Street, Boston, MA 02110). Quality-control
checks were performed according to manufacturer instruction.

TEG analyzes clot initiation, kinetics, strength, stability, and

breakdown. Various parameters were recorded and used to derive the
Coagulation Index (CI), which is calculated as follows:

(CI): 0.1227 (R) + 0.1655 (MA) − 0.0241 (⍺) − 5.0220, where (R)
is the time (min) from clot initiation to formation; (K) and the (⍺)-angle
denote velocity (minutes) of clot formation; and Maximum Amplitude
(MA) is a measure of maximum clot strength [4].

A normal (CI) is −3.0 to +3.0 with higher values concerning for
increased risk of thrombosis and lower values concerning for a bleeding
diathesis. A typical hypercoagulability profile on TEG would demon-
strate decreased (R) and (K) times with increased (⍺)-angle and (MA)
[4].

Depending on the severity and stage of the fibrinolytic process, fi-
brinolysis leads to clot dissolution. Several sets of parameters are
computed to quantify the fibrinolytic state and rely on the loss of clot
strength over time after the (MA) is reached. LY30 measures percent
lysis 30 min after (MA) and is used to diagnose either primary or sec-
ondary fibrinolysis. Clot strength (G) along with the (CI) are used to
interpret hypocoagulability [low (G) and (CI) values] or hypercoagul-
ability [elevated (G) and (CI) values] [4].

As seen in Table 1 and Fig. 1, evidence of hypercoagulability was
universal among our patients. All five had elevations in D-dimer and
fibrinogen levels. Three patients had abnormal (CI) values and de-
monstrated a typical TEG pattern for hypercoagulability. Two patients
were diagnosed with proximal deep vein thrombosis and subsequently
treated with therapeutic doses of enoxaparin (1 mg/kg twice-daily
subcutaneously). Zero patients had evidence of fibrinolysis as indicated
by LY30 levels of 0%. At the time of this submission, all five patients
were alive and successfully discharged home on room air.

Our findings lend support to the growing literature-base showing
increased hypercoagulability and thrombotic complications in criti-
cally-ill patients with COVID-19. While the exact mechanism(s) re-
sponsible for the increased micro- and macro-thrombotic burden in this
patient population have yet to be elucidated, prevailing theories center
around the following: 1) prothrombotic state secondary to severe im-
mune dysregulation, 2) impairment of the fibrinolytic system, and/or 3)
upregulation of ACE2 receptors with direct viral invasion and perivas-
cular inflammation leading to endothelial injury [2,3,5].

Analysis of the TEG results from our small cohort highly suggest
dysregulation of the fibrinolytic system as a prominent factor in pro-
moting the hypercoagulable state observed in this patient population.
Unlike severe sepsis, which typically demonstrates a consumptive
coagulopathy, our patients had relatively normal platelet counts, (near)
normal PT/aPTT findings, and elevated fibrinogen levels. Viral-medi-
ated upregulation of fibrinogen production with excessive fibrinogen
polymerization would account for significant elevations in D-Dimer
levels, offer explanation to the 0% LY30 in our patient population
(reflecting minimal to no fibrinolysis), and support autopsy findings of
increased fibrin deposition in alveoli, lung interstitium, and
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microvasculature [2,3,5].
Our study did not evaluate Factor VIII or von Willebrand factor

(vWF), but other studies have noted increased levels of each in their
severe COVID-19 population [6,7]. These findings would support en-
dothelial injury and subsequent release of vWF as contributors to the
increased incidence of thrombotic disease. This is not surprising as
endothelial cells express ACE2, which is the primary receptor for SARS-
CoV-2. Upregulation of these receptors along with diffuse endothelial
injury from direct viral invasion has been confirmed on autopsy find-
ings in patients with severe COVID-19 [2].

Given uncontrolled findings such as ours and the risks of therapeutic
anticoagulation, a number of questions remain: Which patients might

benefit from empiric anticoagulation? When should it be initiated, at
what dose, and for what duration? Fortunately, clinical trials seeking to
address such questions are now enrolling patients [8]. In the interim,
major medical societies have published recommendations to help guide
decisions on anticoagulation regimens. The American Society of He-
matology currently recommends standard prophylactic-dose antic-
oagulation for all patients diagnosed with COVID-19, reserving ther-
apeutic anticoagulation only for those with documented VTE [9] More
recent guidelines published by the Anticoagulation Forum acknowledge
the increased thrombotic complications observed in patients with se-
vere disease, and recommend considering heightened levels of VTE
prophylaxis defined as one of the following: enoxaparin 40 mg

Table 1
COVID case series.

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5

Age (years) 59 52 59 24 80
Gender Female Male Male Female Female
Weight (kg) 106 102 113 106 75
Body mass index (BMI, kg/m2) 38 33 32 39 30

Comorbidities
Hypertension Yes Yes Yes No Yes
Diabetes No No No No No
Malignancy No No No No Yes
Cardiovascular disease No No No No Yes
Immunosuppression No No No No No

Laboratory
Platelets (K/UL) 259 294 224 203 236
Fibrin D-dimer (μg/ml) 1.68 15.79 20 12.48 3.41
Prothrombin time (s) 14.7 14 14.6 13.9 14.5
Partial thromboplastin time (s) 31.2 27.2 27.2 31.4 72.6
Fibrinogen (mg/dL) 675 612 540 671 792

Thromboelastography
R (5–10 min) 4.1 4.6 4.6 4.8 5.5
K (1–3 min 0.9 0.9 1.2 0.8 1.5
Alpha angle (50–72°) 77.1 76.4 73.1 78.2 69.6
Maximum amplitude (MA 50–70 mm) 79.2 80.4 69.8 76 77.1
G (4.5–11 dyn/s) 19 20.5 11.5 15.8 16.9
LY 30 (0–8%) 0 0 0 0 0
Coagulation index (−3 to +3) 4.7 4.5 2.8 4 2.8
Anticoagulation Enoxaparin 40 mg SQ

daily
Enoxaparin 40 mg SQ
daily

Enoxaparin 40 mg SQ
daily

Enoxaparin 40 mg SQ
daily

Therapeutic heparin

Venous thromboembolism None None Left popliteal Right common femoral None

Fig. 1. COVID.
.
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subcutaneous twice daily; enoxaparin 0.5 mg/kg subcutaneous twice
daily; heparin 7500 units subcutaneous three times daily; or low-in-
tensity heparin infusion [10].

By limiting systemic anticoagulation to only those with evidence of
macrothrombotic complications, we may be insufficiently treating the
full spectrum of disease. Microthrombi are not detectable with standard
laboratory or imaging modalities, and thus our only means to assess
severity of disease is through indirect measures. Determining what
combination of clinical, laboratory, and imaging findings reflect severe
hypercoagulability is challenging. Several studies have shown a positive
correlation between D-dimer levels and evidence of VTE, one of which
cited values ranging from 1.5μg/mL to 3 μg/mL for use as potential
surrogates for the prediction of VTE and initiation of therapeutic an-
ticoagulation [11] Another proposed using a combination of the Sepsis-
Induced Coagulopathy (SIC) score and D-dimer levels to guide treatment
decisions [12] Applying this information to our patients, we would
have initiated therapeutic anticoagulation in all five (100%) patients
using a D-dimer value of 1.5μg/mL and four out of five (80%) with a
cut-off value of 3.0μg/mL. In contrast, using a combination of the SIC
score with the D-dimer level, none (0%) of our patients would have
received therapeutic anticoagulation.

There are several limitations to our case series, most notably the
small number of patients. It is also not clear how the underlying bio-
logic milieu of COVID-19, the therapies given (to include hydroxy-
chloroquine and azithromycin), and patient heterogeneity impact the
relevance of our findings. Laboratory evaluation, TEG, and venous
Doppler ultrasound performed at a single point in the hospitalization
does not exclude risk for developing VTE and constant vigilance is
warranted. Lastly, all of our patients were obese and thus standard-dose
enoxaparin (as opposed to 0.5 mg/kg BID) could have been inadequate.

Aberrations in the coagulation cascade are proving to play a sig-
nificant role in the pathophysiology of severe COVID-19 disease. As we
anxiously await the results of ongoing investigations to provide a more
specific approach to the prevention, diagnosis and treatment of
thrombotic disease in this patient population, we recommend evalu-
ating and treating these patients based on existing evidence-based
guidelines.
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