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Abstract

The coronavirus disease (COVID-19) pandemic has threatened millions of lives worldwide 

with severe systemic inflammation, organ dysfunction, and thromboembolic disease. Within 

our institution, many critically ill COVID-19-positive patients suffered major thrombotic events, 

prompting our clinicians to evaluate hypercoagulability outside of traditional coagulation testing. 

We determined the prevalence of fibrinolysis shutdown via rotational thromboelastometry 

(ROTEM, Instrumentation Laboratories, Bedford, Mass) in patients admitted to the intensive care 

unit over a period of 3 weeks. In 25 patients who had a ROTEM test, we found that 11 (44%) met 

criteria for fibrinolysis shutdown. Eight of 9 (73%) of the VTE patients met criteria for fibrinolysis 

shutdown. Given the high rate of fibrinolysis shutdown in these patients, our data support using 

viscoelastic testing to evaluate for the presence of impaired fibrinolysis. This may help identify 

patient subsets who might benefit from the administration of fibrinolytics.
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INTRODUCTION

Initial reports of the coronavirus infection (COVID-19) described a constellation of 

severe, systemic inflammation with acute respiratory failure and organ dysfunction (1). 

Subsequent accounts of significant thrombotic events, severe procoagulant profiles in 

non-survivors, and anticoagulation associated mortality benefits lead to the release of 

international recommendations for prophylactic anticoagulation in patients with COVID-19 

(2–6). Nevertheless, venous thromboembolism (VTE) rates up to 69% continue to be 

reported (7). Reports of pervasively high VTE events amidst patients receiving prophylactic 

anticoagulation have led to additional exploration of thrombosis-associated pathology and 

the development of advanced management guidelines (6, 8).

The hypercoagulable profile of patients infected with COVID-19 has been well described 

and includes elevated fibrinogen, d-dimer levels, and platelet counts when compared 

with other severe respiratory infections (9, 10). Recently published data regarding 

viscoelastic testing in COVID-19 patients have not only confirmed this hypercoagulable 

profile, but additionally noted increased clot strength parameters (10, 11). Persistently 

elevated thrombotic events rates—despite initiation of prophylactic anticoagulation—

have launched investigation into the presence of hypofibrinolysis in addition to known 

hypercoagulability in this patient population. The utilization of thromboelastography 

to identify and characterize any phenotypical derangements in fibrinolysis (such as 

hyperfibrinolysis, hypofibrinolysis, and acute fibrinolytic shutdown) and guide successive 

therapeutic management has been previously described in traumatic injury and oncological 

literature (12–14). The concept of “fibrinolysis shutdown”—referring to a severe variant 

of hypofibrinolysis in which the endogenous inhibition of the fibrinolytic system 

occurs during the early stages of sepsis—has been well described and may predict 

increased morbidity and mortality (15–17). Although recent international studies have 

described thromboelastography (TEG) and rotational thromboelastometry (ROTEM) 

patterns suggestive of decreased fibrinolysis associated with COVID-19, the utilization 

of ROTEM testing to evaluate for the presence and implications of “acute fibrinolytic 

shutdown” in this patient population has yet to be fully explored (15).

Within our institution, we observed a high rate of VTE in COVID-19 patients despite 

escalating prophylactic and therapeutic anticoagulation protocols. Our clinicians sought to 

better evaluate for the presence of severe hypofibrinolysis outside of traditional coagulation 

testing. ROTEM, Instrumentation Laboratories, Bedford, Mass became utilized in one of our 

intensive care units (ICU) dedicated to the care of COVID-19 patients to determine if there 

was evidence of acute fibrinolysis shutdown in COVID positive patients.
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METHODS

This retrospective case review was approved by the Emory University IRB. Subjects were 

all critically ill, adult patients (≥18 yrs of age) with laboratory-confirmed COVID-19 

RNA, admitted to a single ICU from April 9, 2020 through April 30, 2020 who had a 

ROTEM performed at least once during their ICU stay. All diagnostic testing and therapeutic 

interventions, including the decision to perform ROTEM testing, were performed at the 

discretion of the treating clinicians. We retrospectively gathered demographic, clinical, and 

diagnostic data obtained during each patient’s ICU admission.

The outcome of thromboembolic event was defined as deep venous thrombosis (DVT) 

pulmonary embolus (PE) and MI, diagnosed by ultrasound, computed tomography scan 

and ECG/Troponin respectively. ROTEM testing was performed in the hospital central 

laboratory utilizing the ROTEM-delta with EXTEM and FIBTEM reagents (Instrumentation 

Laboratories, Bedford, Mass). The maximum clot firmness (MCF) was recorded for each 

(reference range 52 mm–70mm for EXTEM and 7–24mm for FIBTEM). The clot time (CT; 

reference range 35 s–80 s) and maximum lysis (ML; reference range 3.5%–15%) were also 

recorded from the EXTEM tracing. INTEM was not utilized due to the universal presence 

of heparin. In patients who had multiple ROTEMs performed, only the first ROTEM 

demonstrating fibrinolysis shutdown was analyzed. Fibrinolysis shutdown was defined as 

having EXTEM maximum lysis of <3.5%, consistent with the definition provided for trauma 

patients by Gomez-Builes et al. (18)

Decision to obtain ROTEM was guided by patients who met criteria for being at higher 

risk for hypercoagulable state, defined as either “Tier 2 or 3” based on our healthcare 

system COVID-19 specific thromboembolic risk stratification and management guidelines. 

Our institution implemented the following three-tier approach, with Tier 1 consisting of 

conventional VTE prophylaxis medication and dosing. Tier 2 utilized more aggressive 

therapeutic anticoagulation measures such as a low standard heparin infusion. Tier 3 

was reserved for those patients with suspected/known VTE or multisystem organ failure 

with concern for microvascular thrombi etiology and consisted of high-dose therapeutic 

anticoagulation. Tiers and anticoagulation therapy was escalated based on D-dimer of 

over 3,000 ng/mL and/or worsening clinical status, with an emphasis on decompensated 

cardiopulmonary status. For each respective tier, guidelines for AntiXa goals were as 

follows: 0.1 unit/mL to 0.3 unit/mL, 0.3 unit/mL to 0.6 unit/mL, and 0.6 unit/mL to 1.0 

unit/mL.

Descriptive statistics including median, interquartile range, and percentages were used 

to summarize the data. Comparisons between patients meeting criteria for fibrinolysis 

shutdown and those who did not were evaluated using the Fischer exact test for categorical 

data and the Wilcoxon rank sum test for continuous data. All statistical calculations were 

performed using SAS 9.4 (SAS Institute, Carey, NC).
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RESULTS

During the study time period, ROTEM testing was performed on 25 of 38 critically ill 

patients admitted to one intensive care unit. The median age of those in the cohort was 63 

years old (interquartile range [IQR] 53–77). Thirty-seven percent (n = 14) of patients were 

female. None of the patients evaluated had a familial history of venous thromboembolic 

disease. The majority of patients had moderate to severe ARDS on admission. All patients 

received prophylactic anticoagulation on admission with either unfractionated or low 

molecular weight heparin (Figs. 1 and 2).

Notable laboratory and diagnostics of these patients who had ROTEMs performed during 

their ICU hospitalization included elevations in median peak d-dimer 7287 ng/mL (IQR 

4,939–23,912; P = 0.0008), median peak C-reactive protein (CRP) 276 mg/dL (IQR 

229–326; P = 0.0801), and lower median P:F ratios of 124 (IQR 91–196; P = 0.0990). 

Demographics and diagnostics for the entire cohort are provided in Table 1.

Outcomes

Forty-four percent of patients (n = 11) in this cohort met criteria for fibrinolysis shutdown. 

Of the patients found to have fibrinolysis shutdown, 73% (n = 8) had a thrombotic event, 

while only 7% (n = 1) of the non-fibrinolysis shutdown group had an event. A comparison 

between ROTEM parameters in patients with and without fibrinolysis shutdown is provided 

in Table 2.

Amongst the 73% (n = 8) of patients who met criteria for fibrinolytic shutdown in this series 

and were diagnosed with thrombotic events, DVT was diagnosed in seven patients, PE was 

concomitantly diagnosed in three patients, and myocardial infarction was diagnosed in one 

patient. Two patients amongst this group suffered cardiopulmonary arrest with acute cor 

pulmonale confirmed on echocardiography. PE was subsequently confirmed in one of the 

two patients on subsequent diagnostic imaging; the other did not survive and pathology is 

pending.

DISCUSSION

In this case series we diagnosed fibrinolytic shutdown in 44% of critically ill patients 

with COVID-19 and performed ROTEM testing. Amongst those who suffered thrombotic 

complications, 73% (n = 8) were diagnosed with fibrinolytic shutdown compared with 7% (n 

= 1) without fibrinolytic shutdown. Our findings not only contribute to the body of emerging 

data demonstrating that thromboembolic events are a result of multifactorial etiologies 

that extend beyond hypercoagulable states in critically ill patients with COVID-19, but 

additionally demonstrate the ability to identify the presence of acute fibrinolysis shutdown 

in this patient population via ROTEM. The implications of an early diagnosis of acute 

fibrinolytic shutdown and timely targeted management of associated thrombotic events due 

to this phenomena—in the context of already known increased morbidity, mortality, and 

healthcare burden in the baseline critically ill population—cannot be understated (19).
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The mechanism of fibrinolysis shutdown is not well understood. Thrombin activatable 

fibrinolysis inhibitor and PAI-1 are thought to play important roles (20). Unfortunately, 

measuring these specific factors is not always readily available nor widely used in ICU 

clinical practice. Viscoelastic testing, which has gained popularity as a point-of-care 

coagulation test, has been used to diagnose fibrinolytic shutdown in trauma patients, and 

may also be useful in infectious etiologies as well (17, 20, 21). To date, most viscoelastic 

testing in COVID-19 patients has focused on parameters of clot strength. Our findings 

of elevated MCFs on EXTEM and FIBTEM were consistent with other studies. In a 

single-center study from Italy, Spiezia et al. (22) found increased MCFs on EXTEM and 

FIBTEM of 69±6mm and 31±9mm respectively. It is notable that they found an incidence 

of VTE of 23% in patients on anticoagulation and reported an EXTEM ML of 1±3 in 

COVID-19 patients, although fibrinolysis shutdown was not specifically defined. Similar 

profiles, without delineation of fibrinolytic shutdown, were additionally noted in Pavoni et 

al. evaluation of critically ill patients with severe COVID-19 pneumonia (23). Our utilization 

of ROTEM to diagnose the presence of fibrinolytic shutdown and associated VTE risk is 

consistent with cohort findings reported by Wright et al. (24) in which they utilized another 

form of TEG testing to identify the presence of fibrinolysis shutdown.

Our findings not only highlight the ability to diagnose the presence of severely impaired 

fibrinolysis rapidly at the bedside with ROTEM, but have important potential clinical 

implications for utilization of fibrinolytic agents in patients with severe COVID-19. Case 

series of fibrinolytic usage in patients with COVID-19-associated ARDS has recently 

been proposed to improve clinical outcomes (24–26). Identifying patients with fibrinolytic 

shutdown may provide improved identification of candidates that would most benefit from 

this targeted therapy. Additionally, the trends in median d-dimer, CRP elevation, and 

admission P:F ratios speak to the investigative potential of biomarkers in risk stratification 

of critically ill patients at risk for fibrinolytic shutdown and associated microvascular and 

macrovascular events.

A limitation to our study is that cut-off points for diagnosing fibrinolysis shutdown in non-

trauma patients have not been well established. We utilized the EXTEM ML <3.5% cutoff 

proposed by Gomez-Builes et al. (18) which is based upon 550 trauma patients. However, 

whether tissue injury from infection influences viscoelastic testing differently from that 

caused by trauma is not known. Due to the retrospective nature of our study and the fact 

the decision to perform viscoelastic testing was based on clinicians’ judgement, there could 

be selection bias as to which patients had ROTEM testing performed, but our findings are 

still both novel and correlate with clinically significant hypercoagulable manifestations in 

COVID-positive patients.

In conclusion, we found a high rate of fibrinolysis shutdown via utilization of ROTEM in 

a cohort of critically ill COVID-19 ICU patients. Patients with fibrinolysis shutdown had a 

significantly higher rate of thromboembolic events than those without. In light of the high 

mortality rate associated with hypercoagulability in COVID-19, our data support evaluation 

for the presence of impaired fibrinolysis using viscoelastic testing and its potential role in 

identifying patients who may benefit from fibrinolytic therapy.
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Key Points

• We found a high rate of fibrinolysis shutdown in a cohort of critically ill 

COVID-19 ICU patients; those with fibrinolysis shutdown had a significantly 

higher rate of VTE than those without.

• Our data supports the usage of viscoelastic testing to evaluate for the presence 

of impaired fibrinolysis and potentially identify patient subsets who might 

benefit from the administration of fibrinolytics.
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Fig. 1. 
Comparison of ICU patient MLs in those diagnosed with and without thrombotic events. 

ICU indicates intensive care unit; ML, maximum lysis.
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Fig. 2. ROTEM EXTEM tracings in ICU patients with and without fibrinolysis shutdown.
The above are examples of ROTEM EXTEM tracings. ML is calculated by taking the 

difference between MCF and the lowest amplitude following MCF and then dividing this 

by MCF. The orange arrows demonstrate the two points used for this ML calculation and 

the resultant ML (orange circle). A, It demonstrates an EXTEM from a patient with an 

ML of 7% (no evidence of Fibrinolysis Shutdown). B, It demonstrates an EXTEM from 

a patient with an ML of 1% (diagnostic of fibrinolysis shutdown) ML indicates maximum 

lysis; ROTEM, rotational thromboelastometry; MCF, maximum clot firmness.
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