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As the Coronavirus disease 2019 (COVID-19) pandemic spread to the US, so too did descriptions of an associated
coagulopathy and thrombotic complications. Hospitals created institutional protocols for inpatient management
of COVID-19 coagulopathy and thrombosis in response to this developing data. We collected and analyzed
protocols from 21 US academic medical centers developed between January and May 2020. We found greatest
consensus on recommendations for heparin-based pharmacologic venous thromboembolism (VTE) prophylaxis
in COVID-19 patients without contraindications. Protocols differed regarding incorporation of D-dimer tests,
dosing of VTE prophylaxis, indications for post-discharge pharmacologic VTE prophylaxis, how to evaluate for

VTE, and the use of empiric therapeutic anticoagulation. These findings support ongoing efforts to establish
international, evidence-based guidelines.

1. Introduction

Descriptions of abnormal coagulation laboratory parameters and
increased incidence of thrombotic complications emerged soon after the
first case of COVID-19 was diagnosed in the US in January 2020 [1].
The subsequent months saw rapid accumulation of reports of coagulo-
pathy and thrombosis but were often small or of variable quality [2-9].
Faced with a need to respond rapidly to new evidence and no clear
external guidelines, hospitals caring for COVID-19 patients were forced
to react. To characterize their response, we collected and analyzed
protocols from 21 US academic medical centers for inpatient manage-
ment of COVID-19 coagulopathy and thrombosis that were developed
in the 4 months following the arrival of COVID-19 in the US.

2. Methods

This study is part of the Hospital Medicine Reengineering Network
(HOMERuN), a national network of investigators at 70 academic
medical centers [10]. We invited HOMERuN collaborative participants
to submit their local protocols for compilation via email and direct
request during a HOMERuUN webinar on COVID-19. Representatives
from participating institutions submitted inpatient protocols for in-
corporation in the analysis between April 10, 2020 and May 5, 2020.
For institutions that submitted additional updated protocols, we used
the most recent version available at the time of the analysis. We col-
lected additional information about the location, size of the hospital
and date of protocol development. All institutions gave permission for
inclusion of their protocols in this study.

We developed a potential set of domains and key questions based on
review of existing international specialty society interim guidance and
extant literature. One additional domain was added after it emerged
through review of protocols. Two independent investigators reviewed
each protocol submitted. Reviewers extracted and synthesized the
content from each protocol. Disagreements were resolved via discussion
until consensus was reached. We used descriptive statistics to quantify

https://doi.org/10.1016/j.thromres.2020.09.018

agreement and variation among protocols.
3. Results

A total of 21 academic medical centers submitted their protocols for
analysis. Thirty-eight percent of centers (n = 8) were located in the
Northeast, 33% (n = 7) were in the Midwest, 19% (n = 4) were in the
South, and 10% (n = 2) were in the West. Thirty-eight percent (n = 8)
were located in geographic regions with a cumulative incidence of
COVID-19 above the national mean at the time of the analysis [11].

The mean number of hospital beds per institution was 996
(SD =+ 626 beds). The mean date of development for the 13 protocols
that supplied this information was April 17, 2020 (SD * 7 days).

The final structure covered by institutional protocols consisted of 4
overarching themes on COVID-19-associated coagulopathy and
thrombosis: 1) coagulopathy in COVID-19, 2) approach to VTE pro-
phylaxis, 3) approach to VTE diagnosis, which was added after it
emerged from protocol review, and 4) approach to VTE treatment. The
areas with greatest representation from each theme are displayed in
Fig. 1. We reported the proportion of protocols that addressed or did
not address a given question. Among the protocols that addressed a
clinical question, we then reported the proportion of institutions that
supported a specific practice (“consensus”). We provided additional
information on topics that had less than 50% consensus below.

3.1. Approach to VTE prophylaxis

Although there was near-universal agreement on the need for he-
parin-based VTE prophylaxis for COVID-19 inpatients without contra-
indications, recommended dosing strategies varied across institutions
(Fig. 1a). Four protocols (19%) recommended using standard pharma-
cologic VTE prophylaxis dosing for all COVID-19 patients regardless of
estimated VTE risk; conversely, two institutions (10%) recommended
higher-than-standard prophylaxis dosing regardless of estimated VTE
risk. The most common recommendation was a tiered prophylactic VTE
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Areas of consensus and disagreement within academic center protocols for COVID-19 and thrombosis
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<50% consensus on criteria
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consensus on criteria
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Recommended specific [ab tests on admission and/or thereafter (most commonly
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consensus on interpretation
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100% consensus among sites
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Fig. 1. The x-axis displays the proportion of protocols that addressed a clinical question. For protocols that addressed a clinical question, the proportion of protocols
that supported a specific practice (“consensus”) is overlaid. Solid blue bars denote the proportion of protocols that addressed a clinical question with > 50%
consensus. Patterned blue bars denote the proportion of protocols that addressed a clinical question with < 50% consensus. Grey bars denote the proportion of
protocols that did not address a clinical question. Abbreviations: COVID-19 - Coronavirus disease 19, VTE - venous thromboembolism, LMWH - low-molecular-
weight-heparin, UFH - unfractionated heparin, CBC - complete blood count, PT - prothrombin time, aPTT - activated partial thromboplastin time. (For interpretation
of the references to color in this figure legend, the reader is referred to the web version of this article.)

dosing strategy, with standard dosing for patients considered at average
VTE risk and higher-than-standard prophylaxis dosing for those at high
estimated VTE risk (57%, n = 12). There was little consensus on dosing
or patient selection for intensified dosing prophylaxis. For non-obese
patients with normal renal function, the four intensified prophylaxis
regimens recommended were: enoxaparin 30 mg subcutaneously every
12h (19%, n = 4), enoxaparin 40 mg subcutaneously every 12h (19%,
n = 4), enoxaparin 1mg/kg subcutaneously daily (10%, n = 2), or
enoxaparin 0.5 mg/kg subcutaneously every 12 h (10%, n = 2). Criteria
for selecting which patients warranted higher prophylaxis dosing also
exhibited variation: nine protocols recommended selecting patients
based on elevated D-dimer or fibrinogen with or without additional
clinical criteria, while the remaining three protocols used clinical cri-
teria alone to support prophylaxis intensification. The most common
criteria for intensification referenced clinical status, including whether
the patient was critically ill, required mechanical ventilation, clinically
deteriorated, or had recurrent clotting of venous or arterial access or
extracorporeal circuits, or baseline risk factors, including sickle cell
disease, malignancy, prior VTE, or pregnancy. There was similar dis-
cord regarding which patients merit post-discharge pharmacologic VTE
prophylaxis, as well as agent, dose and duration. The most common
indications cited were if the patient had received intensified inpatient
prophylaxis, had ongoing immobility or had an elevated D-dimer at
discharge.

3.2. Approach to VTE treatment

For confirmed VTE, most protocols recommended initial therapeutic
anticoagulation with low-molecular-weight heparin (LMWH) or un-
fractionated heparin (UFH) adjusted for weight and renal function
(Fig. 1b). The recommended duration was at least 3 months. In the

absence of confirmed VTE, 15 protocols (71%) suggested empiric
therapeutic anticoagulation for select populations, but there was no
consensus on how to make this decision. Criteria ranged from con-
sideration for all patients admitted to the intensive care unit or re-
stricting to patients with elevated or rising D-dimer, clinical decom-
pensation, or with high clinical suspicion for VTE but who are unable to
undergo confirmatory imaging. Two protocols (10%) suggested con-
sideration of tissue plasminogen activator for severely ill patients
without confirmed VTE, one as part of a clinical trial and one as empiric
treatment.

3.3. Coagulopathy in COVID-19

Although most protocols addressed incorporating laboratory values
of coagulopathy into management decisions, there was wide variability
in how to act upon these values (Fig. 1c). Seventy-one percent of pro-
tocols (n = 15) recommended specific laboratory testing on admission
and periodically thereafter (range: daily to every 72h). The most
commonly recommended testing was a complete blood count with
differential, prothrombin time and activated partial thromboplastin
time, D-dimer and fibrinogen. Three protocols (14%) recommended
against transfusion based on coagulation abnormalities unless a patient
was bleeding or had other high-risk features. Three protocols (14%)
recommended consideration of empiric therapeutic anticoagulation
based on elevated D-dimer or fibrinogen alone. In contrast, four pro-
tocols (19%) specifically recommended against empiric therapeutic
dosing of anticoagulation based on lab values in the absence of other
clinical indications such as proven VTE. Nine protocols (43%) re-
commended escalation from standard to higher-dose prophylactic an-
ticoagulation based on laboratory findings in combination with clinical
variables.
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3.4. Approach to VTE diagnosis

Most protocols (n = 11, 52%) included some guidance on diagnosis
of suspected VTE, but specific recommendations were sometimes di-
vergent (Fig. 1d). One protocol (5%) recommended that all patients
receive a baseline screening deep vein thrombosis ultrasound regardless
of symptoms. With regard to incorporating D-dimer into diagnostic
decision-making for VTE, three protocols (14%) recommended that
elevated or rising D-dimer should prompt additional imaging to eval-
uate for VTE. Conversely, two protocols (10%) commented that D-
dimer elevation alone without other clinical suspicion should not
trigger diagnostic work-up for VTE and also suggested that D-dimer
below the upper limit of normal could be used to exclude VTE. Five
protocols (24%) made specific mention of relying on diagnostic mod-
alities performed at the bedside in lieu of CT-angiogram to evaluate for
pulmonary embolism, such as deep vein thrombosis point-of-care ul-
trasound or transthoracic echocardiogram, to minimize the risk of in-
fectious spread and conserve resources.

4. Discussion

Our review of 21 US academic medical center protocols for COVID-
19 coagulopathy and thrombosis developed during the early stage of
the pandemic showed considerable variation in the approach to the
prevention, diagnosis, and treatment of VTE in COVID-19. We found no
correlation between centers that had a cumulative incidence of COVID-
19 above the national mean with specific recommendations. The area of
greatest concordance was use of heparin-based pharmacologic VTE
prophylaxis. However there was substantial disagreement on which
patients should be considered high-risk for VTE and the indications for
escalated pharmacologic prophylaxis dosing or post-discharge phar-
macologic prophylaxis. Additionally, there was little consensus on how
elevated D-dimer values should affect VTE prophylaxis or treatment,
the optimal diagnostic strategy for VTE, and indications for empiric
therapeutic anticoagulation for VTE. The areas of consensus and dis-
agreement identified in our study are reflected in the recommendations
from recently released international professional society guidelines
[12-14]. Aside from consistently recommending pharmacologic pro-
phylaxis with LMWH or UFH, society guidelines emphasize the lack of
definitive data and vary in their recommendations on issues of VTE
prevention, diagnosis and management.

Our study should not be considered representative of the wider US
practice given the self-selected nature of protocol submission. We also
can make no assertions on which specific practices should be re-
commended. Until high-quality comparative effectiveness data are
available, our findings serve as a framework for frontline providers and
hospitals to evaluate their own practices and outcomes and support the
urgent need for evidence in this area.
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