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ABSTRACT - Objective: Antithrombin (AT) has anti-inflammatory and anti-coagulant properties, but its role in
COVID-19 and the rate of deficiency is unknown. We hypothesize that AT3 deficiency is common in COVID-19, and supple-
menting AT3 will impact COVID-19 coagulopathy.

Patients and Methods: This is a prospective randomized control trial. Patients with plasma AT3<100% were random-
ized to either standard of care (SOC) or SOC+AT3 q48hr weight-based for a goal of 120% for up to 5 doses. An additional
reference group with AT3>100% received SOC.

Results: 531 subjects were assessed for eligibility; 324 did not meet inclusion criteria, 151 did not consent, 6 withdrew
consent, and 50 subjects completed the study. Enrollment AT3 (M+SD) was 91+13%. AT3 levels were <100% in 38 (76%)
and <80% in 11 (22%) patients. SOC+AT3, SOC only, and AT3>100% had a disseminated intravascular coagulation (DIC)
score change (MSD) of 0.4+1.5, -0.13+1.85 and 0+1.54, respectively, (p=0.63). Hospital length of stay was 11.7 [6-14],
6 [4.5-10], 8.5 [6-21] respectively, (p=0.176). Mortality occurred in 2 (11%), 3 (15%), and 3 (25%) patients, respectively
(p=0.56). There was one bleeding event in a subject with AT3>100%, and no bleeding events were observed with exoge-
nous AT3. There were no observed drug-related adverse events. Subjects received a median dose of 1,825.5 U (IQR 794).

Conclusions: COVID-19 is associated with relative AT3 deficiency (22% of this cohort). No bleeding complications or
drug-related adverse events with exogenous AT3 were observed. There were no significant differences in length of stay or
mortality. Further studies should evaluate higher doses of exogenous AT3 and focus on higher-risk groups.

ClinicalTrials.gov: NCT04899232.
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INTRODUCTION The coagulation derangements contribute to both

macro- and microvascular disease sequelae, such

Coronavirus disease 2019 (COVID-19) is caused  as venous thromboembolism (VTE) and respira-

by the severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2). The pathogenic mechanism
involves a dysregulated inflammatory state super-
imposed on potential disseminated intravascular
coagulation (DIC) with consumptive coagulopathy
and a potential phenomenon of antithrombosis'*.

tory failure*®. These patients are at high risk for
both thrombosis and bleeding®®, as well as an
overwhelming cytokine storm®¥. DIC, a known
marker of severe sepsis, has been seen'! in over
70% of non-survivors vs. <1% in survivors with
COVID-19.
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In the early stages of the pandemic, VTE pro-
phylaxis was recommended for all COVID-19 in-
patients and increased doses for critically ill pa-
tients!?. Despite adequate chemoprophylaxis, VTE
complications continued to occur!*!3, Bocci et al**
showed that thromboelastogram derangements
persisted despite full-dose anticoagulation. An-
other approach'® demonstrated that increased
doses of chemical VTE prophylaxis were associ-
ated with increased bleeding risks without de-
creasing VTE events. More recent studies have
shown the benefit of early and broad initiation of
prophylactic anticoagulation®®, particularly with
heparin, which may confer anticoagulant and an-
ti-inflammatory properties®.

Antithrombin (AT) has both anti-inflammatory
and anti-coagulant properties that may be ben-
eficial for COVID-19 patients. However, at least
one prior study? has reported a relative deficiency
in AT activity among patients with COVID-19. AT
deficiency is associated with heparin resistance
and an increased rate of venous thromboembo-
lism82°, The exact rate of acquired AT deficiency
in hospitalized patients is not well defined, but
the predicted incidence of genetic deficiency in
the general population is estimated to be 0.2 to
0.02%2+%2 and acquired as high as 20% in injured
hospitalized patients®*. We hypothesize that AT
deficiency is common in COVID-19 patients and
that exogenous AT supplementation will impact
coagulopathy.

PATIENTS AND METHODS

Trial design and oversight

This multicenter, randomized clinical trial was
approved by the University of Miami and Jack-
son Memorial Hospital Ethics Committees (IRB
#20201048) in December 2020. All patients pro-
vided written informed consent, and procedures
were followed in accordance with the ethical
standards of the responsible committee on hu-
man experimentation. The University and Hospi-
tal provided ongoing oversight of data collection
and safety monitoring. The trial was registered on
ClinicalTrials.gov (NCT04899232 “Antithrombin III
in Infectious Disease Caused by COVID-19”; Inves-
tigational New Drug #26893).

From July 2021 to March 2022, patients with
COVID-19 were enrolled at two university-affil-
iated county hospitals. Groups were defined by
serum AT activity levels drawn at enrollment.
Those with normal activity levels (AT2100)
served as a reference group. Patients with AT
activity levels <100 were randomized to receive
treatment with exogenous AT supplementation
(www.thrombate.com, 50 U/ml x g48 h, dosed

according to the algorithm below) or standard
of care. Antithrombin activity levels of 100 were
chosen because we were unsure of the rate of
true deficiency (defined as <80%) in this popula-
tion at the time of trial design. The goal AT level
was set to 120% activity. The dose was calculat-
ed according to the following formula, where the
dose calculation is based on an expected incre-
mental in vivo recovery of 1.4% per unit per kilo-
gram above serum levels:

Dose = (120% - serum AT%) x body weight (kg)
1.4%

AT was then drawn every other day for dose
calculation and monitoring. Repeat dosing was
performed if levels were <100 on subsequent
testing. The dosing schedule occurred on hospital
days 1, 3, 5, 7, and 9. After the last blood draw,
only routine clinical data were used to monitor for
outcomes.

The enrollment goal was to obtain three
groups of 25 COVID-19 (+) patients: 25 patients
with endogenous AT >100% who receive standard
of care only (reference group), 25 patients with
endogenous AT<100% who receive standard of
care only (control), and 25 patients with endoge-
nous AT<100% who receive standard of care plus
supplemental AT (treatment group). Insufficient
information at the time of study design was pres-
ent for power analysis, so this pilot study was per-
formed without power analysis. Enrollment was
concluded early due to reduced COVID-19 admis-
sions. This decision was made to maintain a more
uniform study population and minimize variability
in COVID-19 severity over time.

Patients

This multicenter study enrolled adult patients
hospitalized with COVID-19 who had the ability
to consent for themselves. Due to variations in
hospital practice with changes in the availabili-
ty of COVID-19 testing, we allowed for COVID-19
infection to be defined as positive PCR, antigen,
or outside facility testing validated by the clinical
team.

Patients were excluded if they were found to
have multisystem organ failure (MSOF), defined
as two or more organ systems requiring support.
Patients were also excluded if expected to die
within 24 hours or with a “do not resuscitate or-
der” or had an incurable or terminal condition
for which they were receiving palliative care. We
excluded patients with ongoing massive surgical
or unexplained bleeding, a history of bleeding or
clotting disorder, severe traumatic brain injury,
or spinal trauma. Patients enrolled in another
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concurrent clinical interventional study were
also excluded, as well as the special population
of pregnant women or prisoners.

Randomization

Randomization occurred after the first AT level
was obtained. If AT was found to be <100, then
an opaque envelope was used to ensure blinded
randomization, and once opened, subjects were
assigned to either standard of care (control) or ex-
ogenous AT supplementation (treatment). Team
members uninvolved in enrollment handled the
creation and randomization of opaque envelopes.
The study was non-blinded and the study group
was known once randomization was complete.

Outcome measures

The primary outcomes were the Internation-
al Society on Thrombosis and Hemostasis (ISTH)
Disseminated Intravascular Coagulation (DIC)
score change. The ISTH scoring system correlates
with illness severity in diseases associated with
DIC, including COVID-19%2%5, Sequential Organ
Failure Assessment (SOFA) score was also calcu-
lated and monitored for daily changes in patient
status. At enrollment and each 24-hour period
thereafter, blood samples were collected and as-
sayed for routine clinical coagulation and inflam-
mation markers, including AT activity, D-dimer,
anti-Xa activity, fibrinogen, and prothrombin
time until hospital day 9. Laboratory investiga-
tions were conducted only when patients were
already having blood drawn for clinical purpos-
es. If the treating team determined that blood
testing was not necessary, no labs were collect-
ed on those days. ISTH DIC score and SOFA score
were calculated on admission and at 2-day in-
tervals subsequently, until hospital day 11. Delta
DIC score and delta SOFA score were calculated
by taking the difference between the index and
maximum scores. Patients were followed for ma-
jor adverse events and disposition until hospital
discharge.

Statistical analysis

Statistical analysis was performed using SAS®
Studio Release 3.8, Enterprise Edition (SAS Insti-
tute Inc., Cary, NC, USA). Demographic character-
istics were analyzed. Patient outcomes, including
mortality, hospital length of stay (LOS), and VTE
rates, were compared. Quantitative variables
were analyzed using ANOVA and are reported as
mean + standard deviation for normally distribut-
ed variables or median [interquartile range (IQR)]
for non-parametric variables. Categorical vari-
ables were compared using Fischer’s exact test.
Statistical significance was defined as p<0.05 un-
less otherwise specified.

RESULTS

Patient characteristics

Of 531 subjects assessed for eligibility, 324 did
not meet inclusion criteria, 151 did not consent,
and 6 withdrew consent, leaving a total of 50 sub-
jects who completed the study, as shown in the
Consort Diagram below (Figure 1). There were
18 patients who received AT treatment (36%),
20 controls (40%), and 12 in the reference group
(24%). The cohort included 33 (66%) males. The
median age was 56 years (IQR 44-65), ranging
from 27 to 84. Sixty-four percent of the cohort
was White (n=32), and sixty percent of the cohort
was Hispanic (n=30). Baseline demographics and
characteristics were similar between groups, as
shown in Table I. For the entire cohort, the mean
serum AT was 91+13 at the time of enrollment.
Index AT levels were found to be less than 100 in
38 patients (76%) and less than 80 in 11 (22%).

Primary outcome

There were no significant differences in AT lev-
els throughout the study period (Figure 2). The
primary outcome, change in ISTH DIC score, was
not significantly different between the reference,
control, and treatment groups (Table Il). Likewise,
there was no difference in the delta SOFA scores
between groups.

Secondary outcomes

Median hospital length of stay was 8.5 [6-21],
6 [4-5-10.0], and 11.7 [6-14 days for reference,
control, and treatment groups, respectively
(p=0.176)]. There was no difference in mortality
rate (Table Il). There were 2 VTE events in the ref-
erence group and none in the treatment or con-
trol group (p=0.037). There were two bleeding
events in the reference group, one in the control
group and none in the treatment group (p=0.165).
There were no observed drug-related adverse
events. A median of 2 infusions (IQR 2) of AT per
subject was given. There were a total of 38 infu-
sions of AT with a median dose of 1,825.5 IU (IQR
794). The subsequent AT levels did not show a
statistically significant difference in serum levels
between groups (Figure 2). Chemical deep vein
thrombosis (DVT) prophylaxis and antiplatelet use
were not significantly different between groups
(Table I).

DISCUSSION

In these hospitalized COVID-19 patients, AT
deficiency was relatively common (22%), which
suggests that routine coagulation tests do not ad-
equately describe the complex coagulopathy of
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AT3 CONSORT Flow Diagram
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Figure 1. Consort flow diagram.
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Table I. Demographics and disease characteristics by treatme

.
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group at enrollment.

AT3 deficient Normal AT3
Treatment Control Reference p-value*
n=18 (36%) n=20 (40%) n=12 (24%)
Demographic information
Age, yearsh 56.3 (14.0) 55.5 (14.6) 50.7 (14.6) 0.5414
Hispanic 9 (50%) 14 (70%) 7(58%)
Ethnicity 0.4552
Nonhispanic 9 (50%) 6 (30%) 5 (42%)
Male 12 (70%) 13 (65%) 8 (67%)
Sex 1.000
Female 6 (30%) 7 (35%) 4(33%)
Comorbidities
Hypertension 9 (50%) 8 (40%) 5 (42%) 0.811
Diabetes mellitus 3 (17%) 6 (30%) 3(25%) 0.620
Obesity 5 (28%) 5 (25%) 2 (17%) 0.777
Baseline laboratory values
AT3 (% activity) 87+13 85111 10615 <0.001
Fibrinogen (mg/dL) 5301138 569+217 621+185 0.420
Platelet count (10*/mcL) 285+115 237+118 255+108 0.440
Prothrombin time (seconds) 14.311.1 13.9+1.0 13.50.7 0.089
D-Dimer (u/mL) 3.245.3 1.2¢1.2 1.6t1.5 0.181
P/F Ratio 2431185 2661108 249+117 0.884
Creatinine (mg/dL) 0.9£0.6 0.80.4 0.80.3 0.738
Chemical prophylaxis used
Enoxaparin (LMWH) 9 (50%) 11 (55%) 9 (75%)
Subcutaneous heparin (UFH) 7 (40%) 7 (35%) 1(8%)
LMWH switched to UFH 1(5%) 2 (10%) 1(8%) 0.228
Antiplatelet alone 1(5%) 0(0%) 0(0%)
None 0(0%) 0(0%) 1(8%)

*Fisher’s exact test (categorical) and ANOVA (continuous). *Reported as Mean (SD).

COVID-19. We did not observe a statistically sig-
nificant change in ISTH DIC score with our level
of AT supplementation. It was demonstrated that
AT deficiency is prevalent in this cohort and that
supplementing to a level of 120% was not linked
to bleeding events or adverse drug reactions. VTE
events were significantly more common in the
reference group with AT levels over 100. We have
shown that although AT deficiency is a rare ge-
netic condition in the general population and not
well recognized among hospitalized patients, it is
relatively common in the COVID-19 population.
This complements previous studies?, indicat-
ing that AT activity was notably lower than in
controls, with no differences across COVID-19
subtypes severity. Previous studies have sug-
gested routine evaluation of D-dimer?% and AT?
in COVID-19. Acquired AT deficiency remains a
complex condition with varying presentation in

some cohorts of severe sepsis and major trau-
ma!®2°, However, the widespread use of AT in
septic patients is not standard practice and is
only approved for sepsis in Japan?8, AT defi-
ciency is more common in non-survivors of
COVID-19 and may even occur without classi-
cal markers of DIC**. The AT deficiency may
manifest differently in varied cohorts, with
COVID-19 being a potentially unique variation
of coagulopathy?®3°,

In this prospective, randomized controlled
trial, exogenous AT supplementation was not as-
sociated with bleeding complications or drug-re-
lated adverse events. There was no significant
change in DIC-score or mortality, potentially due
to under-dosing and small sample size. Although
previous studies have shown safety up to levels
at 200%2%, a conservative goal of 120% was set
since this was the first evaluation in this pop-
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AT3 level trend by treatment group
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Figure 2. Distribution of AT3 levels by treatment group and day.

ulation. We also chose to investigate a cohort
without critical illness (not intubated on admis-
sion and excluded MSOF) due to many unknowns
at the onset of the pandemic. Previous studies®!
on patients with non-COVID-19 severe sepsis
showed potential improved 90-day mortality
with high-dose AT (30,000 IU over 4 days) with
a potential increased benefit when heparin was
used.

Limitations

This study does have limitations. The study
chose to use a lower goal of 120% AT activity in-
stead of a higher goal in the absence of known
safety data and this contributes to one of the
limitations of the data. The exogenous AT sup-
plementation did not elevate the AT level to a
statistically significant level when comparing the
treatment and control groups, thereby limiting

Table Il. Outcomes across groups.

AT3 deficient Normal AT3
Treatment Control Reference p-value*
n=18 (36 %) n=20 (40%) n=12 (24%)
Outcomes
Hospital length of stay median [IQR] 11.7 [6-14] 6 [4.5-10] 8.5 [6-21] 0.176
Mortality 2 (11%) 3(15%) 3(25%) 0.589
Venous thromboembolism - 2 (17%) 0.037
Bleeding event - 1(5%) 2 (17%) 0.165
SOFA score change Mean (SD) -0.07+1.94 -0.33+2.16 0.08+1.98 0.863
DIC score change Mean (SD) 0.4t1.5 -0.13£1.85 0£1.54 0.630

Disseminated intravascular coagulation (DIC); Sequential Organ Failure Assessment (SOFA). *Fisher’s exact test (categorical) and ANOVA (continuous).
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the evaluation of this group. It is possible the ex-
ogenous AT could confer a clinical effect on in-
flammation or coagulation without a change in
serum levels, but this was not seen in our data.
The cohort was also limited in size and severity
of illness. We did not collect data on vaccination
status; however, due to the low number in the
cohort, a comparison of vaccinated vs. unvacci-
nated individuals would not be possible. The sta-
tistically significant finding of more VTEs in the
reference group was unexpected, considering
our hypothesis regarding the impact of AT levels
on COVID-19 clinical presentation. However, this
finding is highly tenuous due to the occurrence
of only two events. The study ended early with a
smaller cohort size than planned, as enrollment
was restricted by the criteria of including only
patients who were not intubated upon admission
and who did not have MSOF. These patients fall
within a specific category; they are ill enough to
require admission but not so critically ill as to ne-
cessitate a previously unused therapy. The study
also ended early due to a decrease in hospital
admissions in the later stages of the pandemic.
The statistical analysis is not adequate to draw
definitive conclusions given these limitations and
the nature of the pilot study.

CONCLUSIONS

In patients admitted with COVID-19 who are
not intubated and do not have MSOF, AT deficien-
cy is common, and intervening with exogenous
AT to a goal level of 120% was not shown to have
a clinical impact when compared to patients not
receiving exogenous AT or presenting with AT lev-
els over 100%. With acquired AT deficiency now
known to be common in the COVID-19 popula-
tion, we believe that further studies should eval-
uate higher doses of exogenous AT and focus on
higher-risk groups.
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