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Thromboelastography to Detect Hypercoagulability
and Reduced Fibrinolysis in Coronavirus Disease
2019 Acute Respiratory Distress Syndrome Patients
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Objectives: Microvascular thrombosis contributes to acute respira-
tory distress syndrome pathophysiology and has been demonstrated
in coronavirus disease 2019-associated acute respiratory distress
syndrome. Clinical laboratory measurements of coagulation and dis-
seminated intravascular coagulation, such as coagulation factor func-
tion, platelet count, and fibrinogen, may not fully reflect the extent of
microvascular thrombosis present in these patients. We investigated
thromboelastography in patients with coronavirus disease 2019-asso-
ciated acute respiratory distress syndrome with the objective of char-
acterizing suspected coagulopathy and impaired fibrinolysis.

Design: Retrospective observational cohort study.

Setting: Single-center academic medical center.

Patients: Ten patients with polymerase chain reaction-confirmed
coronavirus disease 2019 disease complicated by acute respiratory
distress syndrome.

Interventions: Measurement of thromboelastography (n = 10) and
thrombolysis with alteplase (n = 4).

Measurements and Main Results: Hypercoagulability and decreased
or absent fibrinolysis were demonstrated by thromboelastography.
Thrombocytopenia and hypofibrinogenemia were not observed, while
seven of 10 patients had elevated p-dimer values. For patients who
received thrombolytic therapy, repeat thromboelastography demon-
strated improvements in coagulation index and lysis at 30 minutes
reflecting reduced hypercoagulability and increased fibrinolysis. One
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major bleeding complication was detected following thrombolysis.
Eight of 10 patients survived and were successfully extubated, and
six of 10 have since been discharged.

Conclusions: In coronavirus disease 2019 patients with acute respi-
ratory distress syndrome in whom thromboelastography was per-
formed, hypercoagulability and impaired fibrinolysis were observed.
In the context of autopsy studies demonstrating pulmonary microvas-
cular thromboses in coronavirus disease 2019 patients, noninvasive
detection of hypercoagulability and deficient fibrinolysis in coronavi-
rus disease 2019 acute respiratory distress syndrome using throm-
boelastography could improve understanding and management of
coronavirus disease 2019.
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atients with severe coronavirus disease 2019 (COVID-19)
infection manifested by acute respiratory distress syndrome
(ARDS) demonstrate extensive pulmonary microvascular
thromboses and fibrin deposition in available postmortem patho-
logic specimens (1, 2). These findings have generated the hypothesis
that coagulopathy is a central mechanism of hypoxia in COVID-
19-associated ARDS (3-5). Microvascular thrombosis may pro-
mote hypoxia through increased dead space leading to ventilation/
perfusion ratio (V/Q) mismatch or by promoting hypoxic vaso-
constriction. Hypercoagulability in COVID-19 patients correlates
with increased mortality, motivating multiple clinical trials of anti-
coagulation or systemic thrombolysis (6-8). Although p-dimer is
prominently elevated and associated with mortality in COVID-19
patients, other indices of disseminated intravascular coagulation
are variable in this population (6). Thus, detection of microvascular
thrombosis before overt thrombotic phenomena or clinical decom-
pensations occur, and determining indications for coagulopathy-
directed treatment constitute a substantial clinical challenge.
Thromboelastography measures platelet function, clot strength,
and fibrinolysis in addition to coagulation factor function. Despite
known derangements in fibrinolysis and coagulopathy in ARDS
patients, thromboelastography has only been previously reported
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in ARDS patients following trauma or extracorporeal membrane
oxygenation (ECMO), in which mechanisms of coagulopathy likely
differ from COVID-19 ARDS patients. Due to prominent clotting
abnormalities (3-5) and proposed use of anticoagulation and lytic
therapy (7-9), we hypothesized that comprehensive evaluation of
coagulopathy with thromboelastography might guide understand-
ing and treatment in COVID-19 infection. We herein describe our
experience using thromboelastography in critically ill COVID-19
ARDS patients, including those receiving thrombolysis.

MATERIALS AND METHODS

We performed a retrospective observational cohort study of 10
critically ill patients admitted to the medical ICU at our academic
medical center for ARDS with polymerase chain reaction-con-
firmed COVID-19 disease who underwent thromboelastography
assessment. Initial thromboelastography evaluation was per-
formed for laboratory and clinical evidence of coagulopathy.
Ventilatory and laboratory data reported in Supplemental Table
1 (http://links.lww.com/CCX/A293) is at time of first throm-
boelastography evaluation unless stated otherwise. Initiation of
thrombolytic therapy was performed at the intensivists’ clinical
decision following multidisciplinary consultation with a senior
hematologist and pharmacist.

Patient Characteristics and Disease Course

Comorbidities and laboratory characteristics are reported in
Supplemental Table 1 (http://links.lww.com/CCX/A293). All
patients met Berlin criteria for ARDS with median Pao,:F1o,
(P:F) at intubation 169.5 (interquartile range, 138-204);
oxygen saturation:Fro, (S:F) was used when P:F was not avail-
able. All patients received lung-protective ventilation, four of 10
received neuromuscular blockade (NMB) and none underwent
prone positioning. Shock and multisystem organ dysfunction were
common (Supplemental Table 1, http://links.lww.com/CCX/A293).

COVID-19-directed therapies are summarized in Supplemental
Table 1 (http://links.lww.com/CCX/A293). At the time of this arti-
cle, two of 10 patients died, while eight of 10 were successfully extu-
bated and transferred to the floor. Of those, five have since been
discharged home, while one was discharged to acute rehabilitation.

Thromboelastography Characteristics
Thromboelastography was performed a median of 2.5 days (1-6
d) after ICU admission (Supplemental Table 2, http://links.Iww.
com/CCX/A294). Initial use of rapid thromboelastography (15-
min protocol) was replaced by 20-minute extended studies to bet-
ter evaluate clotting and lysis abnormalities. Seven of 10 patients
were receiving heparin (six prophylactic, one treatment dosing);
thromboelastograms in these patients were reviewed with and with-
out heparinase. Common observed abnormalities included short r
time, median time: 4.45 minutes (3.6-5.8 min), rapid fibrin cross-
linking and strong platelet-fibrin interaction (median alpha angle,
78.25°[75.1-78.7°] and median maximum amplitude was 71.95 mm
[68.5-74.5 mm)]), and absence of rapid fibrinolysis (median percent
lysis at 30 min [LY30%)] 0.75% [0-2.6%]). Several patients exhibited
profoundly depressed LY30% values. Median coagulation index was
elevated (2.8, 1.8-3.6). Overall, these changes reflect hypercoagula-
bility with profoundly impaired fibrinolysis.

Outcomes of Treatment With Lytic Therapy

Patients received off-label alteplase for thrombolysis (n = 4) for
clinical evidence or suspicion of microvascular or macrovascu-
lar thrombosis, including acute kidney injury (AKI), sinoatrial
node dysfunction, clotting continuous renal replacement therapy
(CRRT) circuit, worsening hypoxemia as defined by declining P:F or
S:F or increasing positive end-expiratory pressure (PEEP) require-
ment, or elevated dead space fraction, in conjunction with labo-
ratory markers such as thromboelastography, C-reactive protein,
and p-dimer (Fig. 1). Acute pulmonary embolism was suspected
in one patient based on hemodynamic instability correlating with
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Figure 1. Thromboelastography tracings from representative patients. A, Patient A: Bottom precedes thrombolytic treatment with top performed after alteplase.
B, Patient B: Progression from bottom to top demonstrating worsening fibrinolysis in the clinical context of bradycardia, ventricular tachycardia, and asystole.
ANGLE = alpha angle (slope between R and K, measure of clot strengthening), CK = citrated kaolin, CKH = citrated kaolin with heparinase, K = kinetics,

LY30 = lysis at 30 minutes, MA = maximum amplitude, R = reaction time.
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right ventricular strain on bedside ultrasonography. Multiple organ
dysfunction, NMB, vasopressor support, and CRRT requirement
were common (Supplemental Table 1, http://links.lww.com/CCX/
A293). Median admission P:F was 152.5 (76-201) with pre-lysis
median P:F 107.5 (73.5-131.8). Pretreatment thromboelastogra-
phy exhibited elevated alpha angle (3/4) and maximum amplitude
(3/4) and absent LY30% (3/4). Alteplase was administered as 25 mg
over 120 minutes with remaining 25mg infused over 22 hours.
Cases are summarized in further detail as follows:

Patient 3, a 39-year-old man with psoriasis on immune modu-
lator therapy, was admitted from the emergency department (ED)
with moderate ARDS requiring immediate ICU admission, intu-
bation, and NMB. AKI developed requiring CRRT. He received
alteplase followed by therapeutic heparin for 4.5 days. In the time
after completion of thrombolysis, ventilatory ratio improved from
2.77 to 2.09, P:F improved from 186 to 262.5, and F10, require-
ment decreased from 0.5 to 0.4. No major bleeding complications
were observed. He was extubated on ICU day number 6 to high-
flow nasal cannula (HFNC) and has since been discharged home.

Patient 7, a 47-year-old man with morbid obesity, was transferred
from an outside institution for ARDS requiring intubation. Following
transfer, severe ARDS, multifactorial shock, and AKI requiring CRRT
were noted. He received NMB and inhaled epoprostenol; proning
was deferred secondary to habitus. Bedside echocardiogram per-
formed for refractory hypoxia demonstrated right ventricular strain.
Therapeutic anticoagulation was initiated but CRRT circuit clotting
persisted, motivating treatment with systemic thrombolysis. Over the
following 24 hours, S:F ratio increased from 134 to 184, F1o, require-
ment decreased from 0.7 to 0.5, and PEEP decreased from 20 to 18 cm
H,O. Given the patient’s prior wishes to avoid prolonged hospitaliza-
tion, comfort measures were ultimately pursued.

Patient 9, a 43-year-old man with morbid obesity, was admitted
from the ED with moderate ARDS requiring immediate intuba-
tion and NMB. He was treated with systemic thrombolysis fol-
lowed by heparin infusion. Over the following 24 hours, Fio,
requirement decreased from 0.7 to 0.4, PEEP from 16 to 14cm
H20, and P:F remained stable from 192 to 200, but right forearm
and neck hematoma were noted. Compartment syndrome was
confirmed with Stryker compartment measurement, and bedside
right volar fasciotomy was performed. He suffered an aspiration
event during endotracheal tube exchange with clinical worsening
5 days after ICU admission but was ultimately extubated to HFNC
and has since been transferred to a general hospital floor.

Patient 10, a 54-year-old woman with diabetes mellitus and
morbid obesity, was initially admitted from the ED to the ICU
with moderate ARDS requiring intubation. She was extubated to
HENC on hospital day number 4. On day number 7, she was emer-
gently reintubated for severe hypoxia and hemodynamic instabil-
ity, including sinus bradycardia, prompting systemic thrombolysis
followed by therapeutic anticoagulation. No major bleeding com-
plications were observed. Due to her clinical instability prior to
thrombolysis, arterial blood gas and ventilatory ratio are not avail-
able pre-thrombolysis. Post-intubation and thrombolysis, P:F was
140. During the treatment period, S:F ratio improved from 123 to
240, Fro, was weaned from 0.8 to 0.4, and PEEP from 14 to 12cm
H20. She was extubated 24 hours after completion of thrombolysis.
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Prior to discharge, CT angiography revealed segmental pulmonary
emboli, and apixaban was started. She has been discharged home.

DISCUSSION

Our findings demonstrate hypercoagulability and impaired fibri-
nolysis in selected COVID-19-associated ARDS patients. Our
findings complement previous observations of poor prognosis
associated with elevated p-dimer and pathology from COVID-
19 victims demonstrating significant microvascular thrombosis,
suggesting that coagulopathy may contribute to hypoxemia in
these patients (1, 6, 9). Given the lack of effective treatments and
the severity of the current pandemic, further investigation of this
potential mechanism is indicated.

Microvascular thrombosis is central to ARDS pathophysiology;
endothelial dysfunction, fibrin deposition, and platelet aggregation
impair perfusion to ventilated alveoli, leading to dead space ventilation
and V/Q mismatch (10). Coagulation abnormalities and microvascu-
lar thromboses are associated with ARDS and with ARDS-triggers,
particularly impaired fibrinolysis (as measured by biomarkers) (8).
Our results suggest COVID-19-associated ARDS shares these fea-
tures. Despite these findings, coagulopathy is not a routine target of
monitoring or treatment in ARDS patients, and thromboelastogra-
phy has not been used in non-COVID ARDS patients aside from
trauma and ECMO patients. Thromboelastography provides more
comprehensive assessment of coagulopathy than coagulation factor
function studies and may identify subgroups of COVID-19 ARDS
patients who are at greater risk of microvascular thrombosis, organ
dysfunction, and poor outcomes. Improvements in oxygenation and
ventilation observed after systemic thrombolysis in our cohort were
likely multifactorial, and whether COVID-19 patients benefit from
thrombolysis remains to be answered in the context of ongoing and
planned clinical trials (NCT04344756); however, impaired fibrino-
lysis detected by thromboelastography may provide useful guidance
to initiation and monitoring of lytic therapy, particularly in patients
without response to therapeutic anticoagulation, should it be found
to benefit COVID-19 ARDS patients.

CONCLUSIONS

Our findings, along with other case reports, suggest that impaired
fibrinolysis may contribute to pathophysiology, including hypoxia
and physiologic dead space in COVID-19 ARDS (7, 8). Use of
thromboelastography may provide a noninvasive correlate of
microvascular thrombosis that could improve risk stratification
and prognostication for COVID-19 ARDS patients. Further inves-
tigation into the role of thromboelastography in assessing and
treating ARDS should be a priority in the care of these patients as
the search for effective therapies continues.
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