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Major hemorrhage is an underreported complication of
hospitalized and anticoagulated patients infected by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) (i.e.,
the pathogen causing novel coronavirus disease 2019
[COVID-19]). Recent evidence demonstrates some degrees
of hypercoagulability in these patients, prompting an
expanding group of institutions to establish guidelines rec-
ommending intermediate or therapeutic doses of low-mo-
lecular weight heparin (LMWH) or unfractionated heparin
(UFH) for COVID-19 patients with moderate to severe pneu-
monia.1–7 Monitoring hemostatic competence of COVID-19
patients is quite challenging, because their initial hyperco-
agulability can be quickly supplanted by hypocoagulability
in the presence of anticoagulation or even hemostasis
exhaustion.1,8

The prediction of bleeding for critically ill COVID-19
patients on intermediate or therapeutic anticoagulation
remains an area of new investigation.9 Therefore, it was
considered beneficial to determine the clinical use of
point-of-care thromboelastography (TEG) when accompa-

nied bycommon coagulation tests (CCTs)—prothrombin time
(PT), activated partial thromboplastin time (aPTT), fibrino-
gen, D-dimer, and platelet count—in predicting risk of bleed-
ing.4–8 The CCTs have not been shown to reliably predict
bleeding events in COVID-19 patients. TEG and rotational
thromboelastometry (ROTEM) have recently been used in
small studies to guide anticoagulation therapy in these
patients.3,10–12 Therefore, we elected to use TEG as an
accessory to CCTs to predict bleeding as defined by a World
Health Organization (WHO) bleeding scale score �2 for
COVID-19 intensive care unit (ICU) patients who received
intermediate or therapeutic anticoagulation.13

This protocol development was approved by the medical
executive/quality assurance committees of Saint Joseph Re-
gional Medical Center at Mishawaka, IN. All patients were
aged �18 years with confirmed COVID-19 (defined as a
positive SARS-CoV-2 reverse transcriptase polymerase chain
reaction test by nasopharyngeal/oropharyngeal swab or
sputum specimen or by positive SARS-CoV-2 IgM antibody).
Data were obtained prospectively by the COVID-19
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coagulation committee in daily review of all admissions to
the hospital who received infectious disease consultation.
The dates of data collection were April 26, 2020 to Septem-
ber 15, 2020. Patient data collected includes age, gender,
comorbidities, clinical description of bleeding events, labo-
ratory tests, and anticoagulation medication administered.
PT and aPTTwere performed with the Sysmex CA-1500 and
reagents Innovin and CaCl2. Fibrinogen was quantified in
samples mixed with thrombin and Owren’s Veronal buffer.
D-dimer was quantified as fibrinogen equivalent units with
the Innovance D-dimer Assay. Platelets were counted with a
Sysmex XP-2000 (all products from Siemens Medical Solu-
tions, Malvern, PA). TEG data were obtained with the
TEG5000 hemostasis analyzer (Haemonetics, Braintree,
MA). This protocol development includes TEG data of sam-
plesmixed onlywith citrated kaolin andwithout heparinase.
TEG parameters reaction time (R), clot formation time (k), α
angle, maximum amplitude, and lysis at 30minutes (LY30),
and CCTs were measured throughout the patients’ hospital-
izations. TEG parameter LY30 maintained a reading of less
than 1% throughout our protocol development for nearly all
patients and was thus not included in our analysis.

Of 222 consecutive admissions from April 26, to Septem-
ber 15, 2020, only anticoagulated COVID-19 patients who
were admitted to the ICU and met the criteria of two
predetermined groups, bleeding or nonbleeding, were in-
cluded in the analysis. Patients were excluded for BMI >50
kg/m2. The bleeding groupwas defined by patients who bled
while receiving intermediate or therapeutic UFH. Bleeding
was defined by aWHO bleeding scale score�2.13 There were
10 patients who met the criteria of the bleeding group. Two
of these 10 patients had both gastrointestinal bleed and
hemothorax during hospitalization (n¼2). The remaining
eight of 10 bleeding patientswere characterized bya singular
bleed of hemothorax (n¼1), gastrointestinal (n¼1), intra-
muscular (n¼3), retroperitoneal (n¼1), or at vascular access
site for dialysis (n¼2).

The nonbleeding group comprised 21 COVID-19 ICU
patients who received intermediate or therapeutic doses of
intravenous UFH or subcutaneous enoxaparin and did not
have a bleeding event as defined by a WHO bleeding score
�2. To reduce exposure to COVID-19 by medical personnel,
enoxaparin was first chosen for many patients in the non-
bleeding group due to its easier administration compared
with UFH, which demands frequent laboratory assessment
and dose adjustments.5,14

There was no statistically significant difference in the
demographics or blood products received between the two
groups. There was a statistically significant difference in the
rates of thromboses, surgical intervention, invasive ventila-
tion, and expiration between these two groups. Surgical
interventions in the bleeding group included embolectomy,
thoracostomy, and bladder irrigation (►Table 1).

Prior to September 16, 2020, initial therapeutic antico-
agulation for UFH was defined as 60 units/kg bolus, followed
by 12 units/kg/h infusion. Initial intermediate anticoagula-
tion for UFHwas defined as infusion of 12 units/kg/hwithout
bolus infusion. For enoxaparin, initial therapeutic anticoa-

gulation was defined as 1mg/kg subcutaneous every
12 hours. Initial intermediate anticoagulation for enoxaparin
was defined as 0.6mg/kg subcutaneous every 12hours.
Initial anticoagulation for UFH was guided by standard
published algorithms for aPTT. After this beginning period
of patient analysis, an increased number of patientswith and
without documented thrombosis were noted to have clini-
cally significant bleeds which prompted modification of our
UFH dosing guidelines. Beginning on September 16, until
December 1, 2020, all patients on intravenous UFH were
managed according to a modified bolus-free reduced dosage
(►Fig. 1). Thereafter, UFH, platelets, and fibrinogen were
administered based on recent clinical recommendations
for COVID-19 patients in the ICU, clinical evaluation by
the authors, and on a TEG/aPTT-guided algorithm
(►Table 2).4,6,7,15–18

In the nonbleeding group, the averages of each parameter
throughout hospitalization were calculated to provide a
reference range for analysis, which was then compared
with the value on the day of bleeding in the bleeding group
(►Table 3). The laboratory data shown in ►Table 3 was
collected from April 26 to September 15, 2020, prior to the
final establishment of our formal TEG/aPTT-guided antico-
agulation algorithm. The TEG parameters and the CCTs were
analyzed for statistical correlation with bleeding using the
Mann-Whitney test. Results are reported in medians, inter-
quartile ranges, and p-values. A value of p<0.05 was the
threshold for statistical significance.

The parameters which predicted bleeding compared with
the nonbleeding group were the R (p¼0.0001), k
(p¼0.0002), α angle (p¼0.0001), PT (p¼0.0013), aPTT
(p¼0.0006), and fibrinogen (p¼0.0019) (►Table 3). For
the bleeding group, the average number of days from admis-
sion to day of bleeding was 8.8�3.8 days. The number of
patients on intermediate and therapeutic UFH doses before
(April 26 to September 15, 2020) and after (September 16 to
December 1, 2020) the establishment of a reduced nonbolus
protocol for intermediate and therapeutic UFH revealed that
10 of 35 (0.286, Agresti-Coull 95% CI: 0.162–0.452) patients
bled prior to the establishment of the nonbolus protocol,
versus 1 of 51 (0.020, Agresti-Coull 95% CI: �0.006 to 0.113)
afterward. With the nonbolus protocol, patients had 20-fold
decreased likelihood of hemorrhage (odds ratio; 95% CI:
2.4–165.1, p<0.001 by Fisher’s exact test) compared with
patients treated prior to the establishment of this protocol.

Hemorrhage in hospitalized and anticoagulated COVID-
19 patients has been reported in small studies. A United
Kingdom series of 66 COVID-19 ICU patients on standard
thromboprophylaxis showed an 11% incidence of major
hemorrhage.19 Another French study of 92 patients on
prophylactic or therapeutic anticoagulation demonstrated
a 21% incidence of major hemorrhage.20 The largest study to
date on anticoagulated COVID-19 patients and bleeding risk
was a single-center United States retrospective study that
demonstrated an 11% bleeding rate for 102 patients treated
with therapeutic dosing, which also showed a statistically
significant correlation to inpatient death.21 Overall,
the literature on major hemorrhage in hospitalized,
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anticoagulated COVID-19 patients is sparse. Yet, this is a
relatively common and lethal complication that requires
better monitoring of anticoagulation to prevent hemorrhage.

Critically ill COVID-19 patients in the ICUwho do not have
established macrovascular thromboses may be offered vary-
ing intensities of anticoagulation, ranging from standard
prophylaxis to full therapeutic anticoagulation given the
heterogeneity of recommendations since the beginning of
this pandemic. There is little guidance in the literature
regarding algorithms to assist in dosing UFH or LMWH for
this group of patients. We suggest that, in this environment
of disparate recommendations regarding the intensity of
anticoagulation in this subset of patients, the use of the
TEG and aPTT allows for directed UFH titration, which may
prevent bleeding complications. Without evidence-based
medicine to guide physicians during this unique pandemic,
our experience may justify the empirical choice of an inter-
mediate dose of UFH. It has been proposed that an interme-
diate dose of UFH is worthwhile because it possesses an
ability to act as an anti-inflammatory agent at the level of the

endotheliumaswell as the ability to interact with and bind to
the spike protein on COVID-19 viral particles.1,2,4,6,8

The findings of this protocol development reveal the
complexity of the initially hypercoagulable state of critically
ill COVID-19 patients. We have found that TEG is useful in
guiding goal directed UFH therapy due to its narrow thera-
peutic window when given to COVID-19 patients. We pro-
pose that this narrow therapeutic window resembles the
spectrum of coagulopathies occurring in patients on extra-
corporeal membrane oxygenation who require careful per-
sonalized titration, not just with aPTT, but also with TEG and
anti-Xa levels.22–24

A limitation of this protocol development is the small
sample of 31 COVID-19 ICU patients. Yet, when compared
with many of the papers that have been published concern-
ing the utilization of the TEG and ROTEM in the COVID-19
population, this is a relatively high number of patients.3,10–12

Another limitation of this study was that anti-Xa levels were
not used to monitor therapeutic levels of LMWH or UFH,
because anti-Xa levels were not available around the clock at

Table 1 Demographics table of the bleeding and nonbleeding groups

Bleeding group (n¼ 10) Nonbleeding group (n¼ 21) p-Value

Age (years), mean (SD) 59.4 (17.5) 65.2 (17.5) 0.404

BMI (kg/m2), median (IQR) 33.5 (7.8) 31.2 (10.9) 0.263

Female, n (%) 4 (40.0%) 7 (33.3%) 0.717

Caucasian, n (%) 7 (70.0%) 8 (38.1%) 0.097

Comorbidities, n (%)

Morbid obesity 4 (40.0%) 7 (33.3%) 0.717

Hypertension 8 (80.0%) 14 (66.7%) 0.445

Hyperlipidemia 7 (70.0%) 7 (33.3%) 0.055

Coronary artery disease 1 (10.0%) 4 (19.0%) 0.261

Heart failure 3 (30.0%) 2 (9.5%) 0.073

Type II diabetes mellitus 4 (40.0%) 8 (38.1%) 0.919

Renal failure 3 (30.0%) 1 (4.8%) 0.050

Immunosuppression 2 (20.0%) 4 (19.0%) 0.950

Chronic obstructive pulmonary disorder 3 (30.0%) 6 (28.6%) 0.935

Tobacco use 2 (20.0%) 3 (14.3%) 0.686

DVT during hospitalization 2 (20.0%) 0 (0.0%) 0.034

Blood products, n (%)

Packed red cells 5 (50.0%) 5 (23.8%) 0.145

Cryoprecipitate 6 (60.0%) 6 (28.6%) 0.093

Platelets 3 (30.0%) 2 (9.5%) 0.147

Fresh frozen plasma 8 (80.0%) 13 (61.9%) 0.314

Interventions, n (%)

Surgical 4 (40.0%) 1 (4.8%) 0.013

Invasive ventilation 5 (50.0%) 1 (4.8%) 0.003

Expired, n (%) 2 (20.0%) 0 (0.0%) 0.034

Abbreviations: BMI, body mass index; DVT, deep vein thrombosis; IQR, interquartile range; n, sample size; SD, standard deviation.
Note: There is a statistically significant difference in thromboses, interventions, invasive ventilation, and expiration rate between the two groups.
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our institution. The CCTs and TEG were available 24hours a
day, 7 days a week, and therefore were primarily used in this
group of patientswho required intense laboratory evaluation
of hemostatic integrity during anticoagulation. The aPTT is

not as sensitive an indicator of LMWH efficacy as of UFH.16

Moreover, the inclusion of enoxaparin in the control group
confounds the data. However, the presence of enoxaparin in
the nonbleeding group has resulted in a lower aPTT than if
only UFH patients had been included.

Table 2 TEG/aPTTsample algorithm for anticoagulated COVID-
19 ICU patients

TEG/CCT reading Action

R kaolin¼ 20–25min Reduce heparin dose by 10%.

R kaolin¼ 13–20min None

R kaolin <13min Increase heparin dose by 10%.

MA <50mm Reduce heparin dose by 10%.

MA <40mm Hold heparin, reevaluate patient.

Fibrinogen
<200mg/dL

Give 5 units cryoprecipitate
(raise fibrinogen 25–50mg/dL).

Fibrinogen
<150mg/dL

Give 10 units cryoprecipitate
(raise fibrinogen 70–100mg/dL).

No demonstrable clot Heparin infusion 8 units/kg/h,
no bolus
aPTT goal¼35–45 s.

Demonstrable clot Heparin infusion 14 units/kg/h,
no bolus
aPTT goal¼45–60 s.

Abbreviations: aPTT, activated partial thromboplastin time; CCT,
common coagulation test; COVID-19, coronavirus disease 2019; ICU,
intensive care unit; MA, maximum amplitude; R, reaction time; TEG,
thromboelastography.
Note: For R> 25min, MA< 40mm, fibrinogen< 150mg/dL, or aPTT
> 70 s, contact COVID-19 coagulopathy consultant for dose adjustment.

Fig. 1 Nonbolus anticoagulation dosing protocol for COVID-19 patients after September 16, 2020. COVID-19, coronavirus disease 2019; ICU,
intensive care unit; LMWH, low-molecular weight heparin; q12hr, every twelve hours; SQ, subcutaneous; UFH, unfractionated heparin; VTE,
venous thromboembolism.

Table 3 Medians, interquartile ranges, and Mann-Whitney test
p-values for all the studied parameters across the two groups

Parameter Bleeding
group,
median (IQR)

Nonbleeding
group,
median (IQR)

p-Value

R (min) 26.00 (22.95) 6.80 (4.50) 0.0001

MA (mm) 55.35 (22.88) 54.20 (12.00) 0.36

k (min) 8.85 (16.43) 1.80 (0.60) 0.0002

α (degrees) 23.25 (43.43) 63.10 (5.30) 0.0001

PT (s) 12.0 (2.0) 10.9 (0.8) 0.0013

aPTT (s) 73.1 (41.3) 36.8 (11.0) 0.0006

Fibrinogen
(mg/dL)

220.0 (61.3) 314.8 (99.8) 0.0019

D-dimer
(μg/dL)

1.30 (1.17) 1.50 (2.00) 0.70

Platelet count
(�103/mm3)

169.0 (93.5) 156.0 (148.0) 0.69

Abbreviations: aPTT, activated partial thromboplastin time; IQR, inter-
quartile range; k, clot formation time; MA, maximum amplitude; n,
sample size; PT, prothrombin time; R, reaction time.
Note: The R, k, α angle, PT, aPTT, and fibrinogen were statistically
significant predictors of bleeding.
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This analysis reflects our initial experience with COVID-
19 ICU patients when the algorithms were under develop-
ment. We now use UFH for ICU anticoagulation because of
the ease in tracking anticoagulation with TEG, aPTT, and
fibrinogen, as well as the potential antiviral and anti-inflam-
matory effect of the UFH molecule for COVID-19 patients. A
future study comprising a larger cohort of patients only
treated with UFH is underway.
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