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Abstract. New studies of COVID–19 are constantly updating best practices in clinical care. Often, it is impractical to apply
recommendations based on high-income country investigations to resource limited settings in low- and middle-income
countries (LMICs). We present a set of pragmatic recommendations for the management of anticoagulation and thrombotic
disease for hospitalized patients with COVID-19 in LMICs. In the absence of contraindications, we recommend prophylactic
anticoagulationwith either lowmolecularweight heparin (LMWH)or unfractionatedheparin (UFH) for all hospitalizedCOVID-19
patients in LMICs. If available, we recommend LMWH over UFH for venous thromboembolism (VTE) prophylaxis to minimize
risk to healthcare workers. We recommend against the use of aspirin for VTE prophylaxis in hospitalized COVID-19 and
non–COVID-19 patients in LMICs. Because of limited evidence, we suggest against the use of “enhanced” or “intermediate”
prophylaxis in COVID-19 patients in LMICs. Based on current available evidence, we recommend against the initiation of
empiric therapeutic anticoagulation without clinical suspicion for VTE. If contraindications exist to chemical prophylaxis, we
recommend mechanical prophylaxis with intermittent pneumatic compression (IPC) devices or graduated compression
stockings (GCS) for hospitalized COVID-19 patients in LMICs. In LMICs, we recommend initiating therapeutic anticoagulation
for hospitalized COVID-19 patients, in accordance with local clinical practice guidelines, if there is high clinical suspicion for
VTE, even in the absence of testing. If available, we recommendLMWHoverUFHorDirect oral anticoagulants for treatment of
VTE in LMICs to minimize risk to healthcare workers. In LMIC settings where continuous intravenous UFH or LMWH are
unavailable or not feasible to use, we recommend fixed dose heparin, adjusted to body weight, in hospitalized COVID-19
patients with high clinical suspicion of VTE. We suggest D-dimer measurement, if available and affordable, at the time of
admission for risk stratification, or when clinical suspicion for VTE is high. For hospitalizedCOVID-19 patients in LMICs, based
on current available evidence, we make no recommendation on the use of serial D-dimer monitoring for the initiation of
therapeutic anticoagulation. For hospitalized COVID-19 patients in LMICs receiving intravenous therapeutic UFH, we rec-
ommend serial monitoring of partial thromboplastin time or anti-factor Xa level, based on local laboratory capabilities. For
hospitalized COVID-19 patients in LMICs receiving LMWH, we suggest against serial monitoring of anti-factor Xa level. We
suggest serialmonitoring of platelet counts in patients receiving therapeutic anticoagulation for VTE, to assess risk of bleeding
or development of heparin induced thrombocytopenia.

INTRODUCTION

Current recommendations on anticoagulation for hospital-
ized patients with COVID-19 is based mainly on evidence from
high-income countries (HICs). It may not be practical to apply
these recommendations to resource-limited settings, particu-
larly in low- andmiddle-income countries (LMICs). Indeed, high
dependency units and intensive care units (ICUs) in LMICs are
frequently restricted in the availability of infrastructure, equip-
ment, medications, skilled nurses, and clinicians. An in-
ternational task force comprised members from LMICs and
HICs, all with direct experience in various LMIC settings, criti-
cally appraiseda list ofquestions regardinganticoagulationand
thrombotic disease for hospitalized patients with COVID-19.
Herein, we provide a list of recommendations and suggestions
after pragmatic, experience-based appraisal of the literature.
The recommendations are summarized in Table 1.

METHODS

A full description of the methods is provided in the Appen-
dix. Briefly, we formulated a set of questions regarding anti-
coagulation for patients with COVID-19. The list was reviewed
for content and clarity by other members of the COVID–LMIC
Task Force. After approval, the anticoagulation subgroup
assigned one or two members to search the literature for ev-
idence to answer each of the questions. The literature search
was performed in a minimum of one general database (e.g.,
MEDLINE and EMBASE) and the Cochrane Libraries, in-
cluding articles pertaining to COVID-19, SARS, middle east
respiratory syndrome (MERS), and other respiratory viruses.
We selected relevant publications, appraised the evidence
and classified the quality of evidence as high, moderate, low,
or very low. Recommendations were rated as strong or weak,
depending on the quality of evidence and several other fac-
tors, such as availability, affordability, and feasibility in LMICs.
A strong recommendation was worded as “we recommend . . .”
and a weak recommendation as “we suggest . . .,” followed
by the quality of evidence. A number of recommendations
could remain “ungraded” (UG), when, in the opinion of the
subgroup members, such recommendations were not con-
ducive for the process aforementioned (Appendix Table 2).
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The recommendations were reviewed by the anticoagulation
subgroup in an iterative process and were later reviewed by
the entire task force in three rounds. This document repre-
sents a rapid clinical review, rather than an exhaustive meta-
analysis, that aims to offer practical treatment approaches in
LMICs based on the best available evidence.

QUESTIONS

Three relevant and clearly defined questions regarding
COVID-19 and thrombosis were formulated.

1. What type of venous thromboembolism (VTE) prophylaxis
should hospitalized patients with COVID-19 receive in
LMICs?

2. How should clinically suspected or confirmed COVID-19–
related VTE be managed in LMICs?

3. How should COVID-19 patients on treatment for VTE be
routinely monitored in LMICs?

What type of VTE prophylaxis should hospitalized pa-
tients with COVID-19 receive in LMICs? Rationale. COVID-
19appears topredisposepatients to thromboticdisease, both in
venous and arterial circulations, due to excessive inflammation,
platelet activation, endothelial dysfunction, and stasis.1 Pro-
phylacticanticoagulation,althoughmosteffective insurgical and

orthopedics patients, is known to reduce the risk of VTE in
acutely ill hospitalized medical patients.2 Patients hospitalized
for COVID-19, especially those requiring intensive care, are in-
creasingly recognized to be at higher risk for VTE.3 The WHO,4

theAmericanNIH,5 and InternationalSocietyonThrombosisand
Haemostasis,6 among other societies,7,8 recognize that all hos-
pitalized COVID-19 patients are at high risk for VTE. Therefore,
thestandardofcare is toprovideprophylacticanticoagulation for
all hospitalized COVID-19 patients irrespective of other tradi-
tional risks for VTE. With this understanding, we compiled the
evidence to date regarding VTE prophylaxis to generate rec-
ommendations best suited for LMICs.
Search results. A PubMed search was performed to identify

articles as of June 24, 2020, using the following search and/or
Medical Subject Headings (MeSH) terms: “COVID-19,” OR
“SARS-CoV-2,” OR “2019-nCOV,” OR “Novel Coronavirus”
AND “prophylaxis,” OR “Anticoagulant therapy,” OR “pneu-
matic compression.”Six studies fromHICsand one fromChina
directly answering the question and a total of 14 other relevant
studies to the question were initially identified. During the re-
vision process, an updated literature search was performed
through November 22, 2020. Ten additional relevant articles,
including three systematic reviews and one survey on anti-
coagulation practice in COVID-19 patients, were evaluated.
Evidence. Hospitalized COVID-19 patients have demon-

strated greater risk for the development of VTE. A Dutch study

TABLE 1
Recommendations andsuggestions for themanagement of anticoagulation and thrombotic disease for hospitalizedpatientswithCOVID-19 in low-
and middle-income countries (with grading)

1. Prophylaxis In the absence of contraindications, we recommend prophylactic anticoagulation with either LMWH or unfractionated
heparin (UFH) for all hospitalized COVID-19 patients in LMICs (strong recommendation and moderate quality of
evidence)

If available, we recommend LMWHover UFH for VTE prophylaxis to minimize risk to healthcare workers (UG best practice
statement)

We recommend against the use of aspirin for VTE prophylaxis in hospitalized COVID-19 and non–COVID-19 patients in
LMICs (strong recommendation and low quality of evidence)

Becauseof limitedevidence,wesuggest against theuseof “enhanced”or “intermediate”prophylaxis inCOVID-19patients
in LMICs. (weak recommendation and low quality of evidence)

In hospitalized COVID-19 patients in LMICs, based on current available evidence, we recommend against the initiation of
empiric therapeutic anticoagulation without clinical suspicion for VTE (strong recommendation and low quality of
evidence)

If contraindications exist to chemical prophylaxis, we recommend mechanical prophylaxis with intermittent pneumatic
compression devices or graduated compression stockings for hospitalized COVID-19 patients in LMICs (strong
recommendation and low quality of evidence)

2. Management In LMICs, we recommend initiating therapeutic anticoagulation for hospitalized COVID-19 patients, in accordance with
local clinical practice guidelines, if there is high clinical suspicion for VTE, even in the absence of testing (strong
recommendation and low quality of evidence)

If available, we recommend LMWHover UFH or direct oral anticoagulants for treatment of VTE in LMICs tominimize risk to
healthcare workers (UG best practice statement)

In LMIC settings where continuous intravenous UFH or LMWH are unavailable or not feasible to use, we recommend fixed
dose heparin, adjusted to body weight, in hospitalized COVID-19 patients with high clinical suspicion of VTE (weak
recommendation and low quality of evidence)

3. Monitoring For hospitalized COVID-19 patients in LMICs we suggest D-dimer measurement, if available and affordable, at the time of
admission for risk stratification, or when clinical suspicion for VTE is high (weak recommendation and low quality of
evidence)

For hospitalized COVID-19 patients in LMICs, based on current available evidence, we make no recommendation on the
use of serial D-dimer monitoring for the initiation of therapeutic anticoagulation

For hospitalized COVID-19 patients in LMICs receiving intravenous therapeutic UFH, we recommend serial monitoring of
partial thromboplastin time or anti-factor Xa level, based on local laboratory capabilities (strong recommendation and
high quality of evidence)

For hospitalized COVID-19 patients in LMICs receiving LMWH, we suggest against serial monitoring of anti-factor Xa level
(weak recommendation and low quality of evidence)

For hospitalized COVID-19 patients in LMICs, we suggest serial monitoring of platelet in patients receiving therapeutic
anticoagulation for VTE, to assess risk of bleeding or development of HIT (weak recommendation and low quality of
evidence)

LMWP = low molecular weight heparin; UFH = unfractionated heparin; VTE = venous thromboembolism; UG = ungraded.

100 AHMED AND OTHERS



evaluating the incidence and composite outcome of VTE and
arterial thrombotic complications in 184 COVID-19 patients
found a 31% incident rate of thrombotic events. Pulmonary
embolism (PE) was the most frequent thrombotic complica-
tion, contributing to 81% of the events.9 Survival among pa-
tients with incident and recurrent VTE is significantly reduced,
especially after PE.10,11 The combination of COVID-19 in-
fection and resultant inflammation may underlie the autopsy
findings of small-vessel hyaline thrombus formation.12 In ad-
dition, COVID-19 patients have many VTE risk factors in-
cluding, but not limited to, dehydration with poor appetite and
gastrointestinal manifestations, immobility, obesity, and other
concomitant comorbidities.13

In summary, the risk of VTE in patients hospitalized with
COVID-19 is significant and all patients, barring contraindi-
cations, are eligible for prophylaxis. Various risk assessment
models (RAMs) are available to help risk stratify development
of VTE; however, most RAMs should qualify COVID-19 pa-
tients for prophylaxis because of severity of their illness.14

Standard chemoprophylaxis. With respect to how VTE
prophylaxis is achieved, heparin products, in addition to their
well-known anticoagulant properties, appear to have addi-
tional antiviral and anti-inflammatory effects that may be po-
tentially beneficial in hospitalized COVID-19 patients.15 A
Cochrane database systematic review of heparin products for
VTE prevention in non–COVID-19 patients revealed six trials
comparing low molecular weight heparin (LMWH) with
unfractionated heparin (UFH) for medical patients. Compared
with UFH, LMWH reduced the risk of deep vein thrombosis
(DVT) (OR: 0.77; 95% CI: 0.62–0.96; P = 0.02) and major
bleeding (OR: 0.43; 95%CI: 0.22–0.83;P=0.01). Therewasno
clear evidence that the effects of LMWH and UFH differed for
PE outcomes, all-cause mortality, and thrombocytopenia.16

Mechanical prophylaxis. For patients where use of heparin
products is contraindicated, mechanical prevention with in-
termittent pneumatic compression (IPC) devices or graduated
compression stockings (GCS) are non-pharmacologic op-
tions for VTE prophylaxis. A systematic review, before the era
of COVID-19, which included 70 trials (two from Turkey and
two fromChina both uppermiddle income countries) involving
16,164 patients, found that IPC reduced VTE occurrence
compared with no IPC prophylaxis, but with a reduced risk of
bleeding. The same review demonstrated that addition of
pharmacological prophylaxis to IPC further reduced the risk
of DVTcomparedwith IPCalone, emphasizing the importance
of transitioning to pharmacologic prophylaxis as soon as the
bleeding risk is reduced.17

However, the opposite approach—adding mechanical
prophylaxis to pharmacological prophylaxis—was not found
to be beneficial in a recent randomized control trial involving
non–COVID-19 patients.18 We were unable to identify any
study from either HICs or LMICs that reported on use of me-
chanical prophylaxis in COVID-19 patients. Reports around
the world also show that mechanical thromboprophylaxis is
not widely used.19

Although aspirinmaybe cheap andwidely available in LMIC
settings, the safety and efficacy of aspirin for VTE prophylaxis
remains unknown. In those with cardiovascular disease, a
recent cohort study of 412 COVID-19 patients assessed the
use of aspirin within 24 hours of hospital admission or in the
7 days before hospital admission found that use was in-
dependently associated with a lower risk of mechanical

ventilation, ICUadmission, and in-hospitalmortality. Although
a reduction in microthrombosis is a plausible mechanism, the
study did not observe a lower rate of overt thrombosis in as-
pirin users.20 The benefit of aspirin beyond the cardiovascular
indications in COVID-19 patients remains to be seen.
“Enhanced” chemoprophylaxis. The clinical benefit of “en-

hanced,” “intermediate,” or “high-intensity” chemoprophy-
laxis using a higher dose (often twice the standard prophylaxis
dose), although less than therapeutic levels, remains contro-
versial.21 Several observational studies from the United
States,22 The Netherlands,9 France,23 and China24 suggest
that routine prophylactic dose anticoagulation might be in-
sufficient to prevent the occurrence of VTE in certain high-risk
COVID-19 patients, such as those with coagulation abnor-
malities by routine laboratory analysis of D-dimer, in-
ternational normalized ratio (INR), and partial thromboplastin
time (PTT) among others. This may be reflected particularly in
those admitted to the ICU, where the reported incidence of
primarily venous thrombotic complications ranges from 31%
to 69% among COVID-19 patients.3,24,25

A small retrospective study of 49 mechanically ventilated
patients from Belgium reported that the use of high-intensity
thromboprophylaxis was associated with a lower occurrence
of PE.26 Similarly, a Swedish study of 152 patients demon-
strated reduced incidence of thromboembolic events and
mortality in those receiving high-dose chemoprophylaxis
versus “medium” or “low” (high 13.5% versus medium 25%
versus low 38.8%; P = 0.02). Importantly, there was no dif-
ference in the development of bleeding events among the
three groups.27 Similar findings were identified in a retro-
spective study from Abu Dhabi albeit finding that therapeutic
anticoagulation, rather than enhanced chemoprophylaxis,
was associated with major bleeding.28 Another retrospective
observational study of 468 hospitalized patients in the United
States found that initial use of enhanced dosing thrombo-
prophylaxis correlatedwith a downtrend inD-dimer levels and
was associated with improved 30-day mortality without a
significant increased rate of bleeding.29 In contrast to these
studies, a prospective Italian study involving 74patients found
no difference in the incidence of VTE events in those with
either enhanced or therapeutic dosed anticoagulation com-
pared with standard dosing. Six patients in this study de-
veloped severe hemorrhagic complications, and VTE events
were still diagnosed despite intermediate or therapeutic dose
of anticoagulation.30

Therapeutic dosing as VTE prophylaxis. Although pro-
phylaxis against VTE for hospitalized COVID-19 patients is
established as standard of care, it remains unclear if treatment
dose anticoagulation improves outcomes without increasing
bleeding risk in those without a clinical suspicion for VTE.
Studies to date of varying quality and design have yielded
contradictory results. A large retrospective cohort study of 2,773
hospitalized COVID-19 patients from the United States found no
difference in hospitalmortality in thosewith andwithout treatment
dose anticoagulation (22.5% versus 22.8%).31 Two other retro-
spective studies similarly from theUnited States found no survival
difference for COVID-19 patients treated with therapeutic anti-
coagulation compared with those on prophylactic dosing after
propensity score-matching.32,33 Similarly, a study involving 4,389
patients from fiveNewYorkCity hospitals identified no significant
mortality difference between prophylactic and therapeutic dosed
patients (P = 0.08), although not surprisingly found lower
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in-hospital mortality in those with therapeutic and prophylactic
dosed anticoagulation than those without prophylaxis.34

Another retrospective multicenter cohort study from the
United States that included 3,480 patients demonstrated that
anticoagulation was associated with reduced risk of death
both at prophylactic and therapeutic doses compared with no
prophylaxis. Although enhanced prophylaxis was associated
with prolonged survival, especially in critically ill patients, ex-
cess non-disabling bleeding was witnessed in this group.35

These studies, among others, form the evidence base for
two systematic reviews and meta-analysis assessing the as-
sociation of VTE with different anticoagulation doses in hos-
pitalized COVID-19 patients. One review of 16 studies found
that both therapeutic and prophylactic dosing were associ-
ated with lower risk of mortality.36 The other review included
25 observational studies finding that therapeutic anti-
coagulation was not associated with a lower mortality risk.37

Other studies sought to differentiate whether a subset of
patients may benefit from therapeutic anticoagulation for VTE
prophylaxis compared with standard dosing. A retrospective
secondary analysis of 141 intubated COVID-19 patients from
three hospitals in the United States found no difference in 28-
day mortality from time of intubation when empirically treated
with therapeutic dose anticoagulation compared with stan-
dardDVTprophylactic doses, even among thosewithD-dimer
levels > 2μg/mL.38 As only intubatedpatientswere included, it
is unclear whether therapeutic anticoagulation in a general
medical ward may reduce progression to intubation or in-
cidence of VTE. A retrospective study from the United States
analyzed 3,625 COVID-19 patients with moderate or severe
illness finding that therapeutic anticoagulation including
apixaban has similar efficacy to enoxaparin in decreasing
mortality in hospitalized COVID-19 patients.39

Based on these findings, it remains unclear whether thera-
peutic anticoagulation offers a mortality benefit in critically ill
patients with or without intubation, or stratified by D-dimer.
Furthermore, clinically significant adverse bleeding events are
higher in those receiving therapeutic anticoagulation than
those on standard chemoprophylaxis. Rigorous prospective
studies are required to further evaluate the role of therapeutic
dosing for prophylaxis. It may be that the primary driver of
mortality in these patients is the degree of severity of infection
rather than initiation of therapeutic anticoagulation.40

Availability, feasibility, affordability, and safety. Guidelines
for chemoprophylaxis for non–COVID-19 cases in LMICs
frequently are in accordance with recommendations from
HICs.41 Although many strategies including various RAMs
have been proposed to improve the practice of VTE pro-
phylaxis and treatment, adherence remains suboptimal.42–44

Most LMIC-based studies on adherence to VTE pro-
phylaxis, before the era of COVID-19, report a range of
30–60%, despite a high percentage of patients at risk.45,46

Among the explanations for this relative underutilization of
thromboprophylaxis described was lack of physicians’
knowledge.47 Other studies, including those from HICs, have
cited lack of awareness of both the disease and evidence-
based guidelines.48,49Many practitioners seem to believe that
VTE is an uncommon diagnosis (based on their own clinical
experiences) and therefore VTE prevention may not be con-
sidered necessary.50 This thinking is contrary to findings from
several studies demonstrating that Asians have significant risk
factors for and increasing incidence of VTE.51

A recent global survey involving 515 physicians from 41
countries, ofwhich < 10%were fromLMICs, assessed current
physician anticoagulation practice forCOVID-19patients. The
majority of respondents (78%) recommended prophylactic
anticoagulation for all hospitalized patients with COVID-19,
whereas 43% would follow institutional guidelines for criteria
for prophylaxis. Two-thirds recommended LMWH as the drug
of choice, whereas the remaining recommended UFH.52

Whereas standard prophylactic dosing for VTE appears well
tolerated in both non–COVID-19 and COVID-19 hospitalized
patients, the safety of enhanced and therapeutic dosing for
VTE prophylaxis, especially in those without clinical suspicion
for VTE, remains controversial given a significant risk of
bleeding.29,53,54

Bleeding complications in hospitalized COVID-19 patients
may be higher than expected. An observational study from the
United States identified a trend toward higher incidence of
bleeding events in fully anticoagulated, intubated COVID-19
patients than their non-intubated counterparts (intubated 30/
395; 7.5% versus non-intubated 32/2,378; 1.35%).31 Another
study from the United States found that 19 (0.5%) patients
developed hemorrhagic stroke, in which therapeutic anti-
coagulation was prescribed in 89.5% of these patients.55

Full anticoagulation is now being provided for hospitalized
COVID-19 patients in many centers. However, rates of
bleeding in such patients appear to be high. Therefore, based
on available evidence, we do not endorse routine full anti-
coagulation for hospitalized patients with COVID-19. Rigor-
ous prospective studies to better understand the risk-benefit
of therapeutic or enhanced dose anticoagulation in the ab-
sence of documented or clinical suspicion of VTE is needed.56

Pharmacological prophylaxis is generally available in LMICs
and can be delivered feasibly and safely. The WHO Essential
Medicines List includes both heparin and enoxaparin.57 Me-
chanical modalities may not be available in many LMIC set-
tings and there is the additional challenge of ensuring proper
use, although mechanical prophylaxis has the advantage of
reusability.
The higher drug cost of LMWH has been mentioned as a

reason for using UFH for VTE prevention before the era of
COVID-19.58 A review from Latin America supports the pre-
ferred use of treatment-dose heparin over LMWH.59 One
hospital-based study performed in a HIC involving acute is-
chemic stroke patients determined that the average cost per
patient due to VTE or bleeding events was lower with pro-
phylactic enoxaparin versus UFH (US$422 versus US$662,
respectively; net savingsUS$240). The average anticoagulant
cost, including drug administration cost per patient, was lower
with UFH versus enoxaparin (US$259 versus US$360, re-
spectively; net savings US$101). However, when both clinical
events and drug acquisition costs were considered, the total
hospital cost was lower with enoxaparin versus UFH (US$782
versus US$922, respectively; savings US$140).60 A similar
conclusion was reached from a different U. S.–based study,
which found total average costs per patient of US$1,264 for
enoxaparin, US$1,585 for UFH, and US$2,245 for no pro-
phylaxis. It was unclearwhy enoxaparin prophylaxiswasmore
costly than UFH prophylaxis. For the healthcare payer, con-
sidering all direct medical costs associated with VTE up to 2
years after an admission for acute illness, prophylaxis with
enoxaparin appears to be more effective and less costly than
UFH.61 Similar comprehensive studies have not been
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performed in LMIC settings. Estimation of total cost for
pharmacologic VTE prophylaxis, rather than only direct drug
cost, might aid in medication choice for policy makers in
LMICs.
In the context of COVID-19, another consideration is the

frequency of dosing. Unfractionated heparin prophylaxis is
often administered twice or thrice daily, whereas LMWH, es-
pecially enoxaparin, is dosed daily. International guidelines
also state that once-daily regimens of LMWH may be advan-
tageous over UFH because missed doses may be associated
with worse outcomes, will reduce healthcare worker expo-
sure, and conserve personal protective equipment.13,62

Recommendations and suggestions (Table 1).
1) In the absence of contraindications, we recommend pro-

phylactic anticoagulation with either LMWH or UFH for all
hospitalized COVID-19 patients in LMICs (strong recom-
mendation and moderate quality of evidence).

2) If available, we recommend LMWH over UFH for VTE
prophylaxis tominimize risk tohealthcareworkers (UGbest
practice statement).

3) We recommend against the use of aspirin for VTE pro-
phylaxis in hospitalized COVID-19 and non–COVID-19
patients in LMICs (strong recommendation and low quality
of evidence).

4) Because of limited evidence,we suggest against the use of
“enhanced” or “intermediate” prophylaxis in COVID-19
patients in LMICs (weak recommendation and low quality
of evidence).

5) In hospitalized COVID-19 patients in LMICs, based on
current available evidence, we recommend against the
initiation of empiric therapeutic anticoagulation without
clinical suspicion for VTE (strong recommendation and low
quality of evidence).

6) If contraindications exist to chemical prophylaxis, we rec-
ommendmechanical prophylaxis with IPC devices or GCS
for hospitalized COVID-19 patients in LMICs (strong rec-
ommendation and low quality of evidence).

How should clinically suspected or confirmed COVID-
19–related VTE be managed in LMICs? Rationale. Man-
agement of VTE requires timely diagnosis, knowledge of risk
factors for both thrombosis and bleeding, safe administration
ofmedications, and ability tomonitor, when indicated. Clinical
suspicion for PE should arise if a patient develops a sudden
deterioration of oxygenation, respiratory distress, or hypo-
tension disproportional to pulmonary involvement by COVID-
19. According to COVID-19 clinical management guidelines
from the WHO,4 NIH,5 and various societies,6,7 patients with
suspected or confirmed VTE should receive therapeutic anti-
coagulation aswould be indicated in thosewithoutCOVID-19.
The optimal approach to managing VTE related to COVID-19
in LMICs remains unknown.
Search results. MEDLINE, Embase, and Web of Science

were searched through the end of May 2020 using com-
binations of MeSH terms and free text words, including
“COVID-19”OR “SARS-COV-2”OR “2019-nCOV”OR “Novel
Coronavirus”AND “critically ill”AND “Anticoagulant therapy.”
Fourteen studieswere initially included to answer thequestion.
Except those reported from China, no studies from LMICs
were found directly answering the question. During the re-
vision process, an updated literature search was performed
through November 22, adding 16 relevant studies, two meta-

analyses, and one global survey regarding use of anticoagula-
tion during COVID-19 from 41 different countries, including
LMICs.
Evidence.Heparins (parenteral and subcutaneous). A large,

retrospective study from New York (United States) suggested
that empiric therapeutic anticoagulation with heparin (mainly
LMWH) may have a mortality advantage among hospitalized
patients with COVID-19 and suspected VTE.31 Subsequent
studies found improved outcomes with therapeutic anti-
coagulation with heparin as the primary agent.34 A compara-
tive review of societal recommendations found that LMWH is
preferred over UFH by Anticoagulation Forum and American
College of Chest Physicians, whereas LMWH and UFH are
recommended as first line by CDC and American Society of
Hematology. All recommendations acknowledge the inherent
variations of the different heparin products and necessary
changes depending on comorbidities (i.e., renal or hepatic
dysfunction, gastrointestinal function, and thrombocytopenia).
Parenteral anticoagulation (i.e., UFH) may be preferred in

critically ill patients that may require invasive procedures as it
may be held temporarily and has no known drug-drug inter-
actions with COVID-19 therapies. Low molecular weight
heparin may be preferred in patients who are unlikely to need
procedures given concerns with UFH regarding the time to
achieve therapeutic PTT and increased exposure to health-
care workers.62 Heparins are also thought to have effects
other than anticoagulation in COVID-19 patients. It is thought
that heparins bind to COVID-19 spike proteins and down-
regulate interleukin-6 (IL-6)63 the levels of which have been
shown to be elevated in COVID-19 patients.64

Direct oral anticoagulants (DOACs). Direct oral anticoagu-
lant use during inpatient management has been reported in
recent studies. Benefits of DOACs include lack of need for
laboratory monitoring, facilitation of discharge planning and
outpatient management. Direct oral anticoagulants, however,
have a longer half-life than UFH and LMWH, which may
complicate urgent invasive procedures and development of
renal impairment.65 Another risk may include a potential
bioavailability-related effect on clinical effectiveness through
interactions with drugs including dexamethasone. Dexa-
methasone can decrease DOAC levels through strong P-gp
and CYP3A4 induction.13

A study enrolling 12 consecutive patients on DOACs who
were hospitalized with COVID-19 showed that for each pa-
tient, pre-dose trough concentration (C-trough) DOAC levels
were 6 times higher during hospitalization than in the pre-
hospitalization period.66 The finding may be attributed to
gastrointestinal and renal dysfunction, which are common
problems in hospitalized severe COVID-19 patients.
In a prospective Italian study of 844 COVID-19 patients, n =

65 (7.7%) were taking DOACs before hospitalization. Patients
onDOACdeveloped acute hypoxemic respiratory failuremore
frequently than non-DOAC patients and experienced a higher
mortality rate (44.6% versus 19.8%, P < 0.001).67

Once there is clinical improvement and plan to discharge,
patients with VTE can be switched to a DOAC or vitamin K
antagonist with plan to treat for at least a total of 3 months.
Thrombolytics. International societies recommend throm-

bolytics in patients with objectively confirmed PE with he-
modynamic instability or signs of obstructive shock who are
not at high risk of bleeding. Peripheral thrombolysis is rec-
ommended over catheter-directed thrombolysis.8 Studies
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reporting on systemic thrombolysis in COVID-19 patients are
limited to small case series.68

Availability, feasibility,affordability,andsafety.Frequent inpatient
monitoring of serum coagulation parameters may be feasible for
someLMICfacilities,but limited inmanyothers. Insituationswhere
thecostsof inpatient laboratory testingarepassed to thepatientor
the family, these costs can quickly become prohibitive, so labo-
ratory testing must be ordered judiciously.
The most common anticoagulant used in many LMIC set-

tings for initial inpatient treatment is UFH. Themajor feasibility
issuewithUFH is the need for frequent blood draws tomonitor
activated partial thromboplastin time (APTT) levels.69,70

Limited laboratory capacity in some LMIC settings may
preclude safe inpatient administration of continuous UFH in-
fusion, although a fixed-dose weight and renal adjusted UFH
protocolmaybeasafe alternativewhereLMWH isunavailable.
Low molecular weight heparin requires no laboratory monitor-
ing, but is typically more expensive for inpatients and may not
be as readily available in some settings. Despite the high drug
cost, studies from Europe and Brazil suggest that outpatient
treatment of VTE with LMWH may save as much as US$1,641
per patient comparedwith inpatientUFH therapy.71,72 This cost
saving analysis likely is irrelevant for the hospitalizedCOVID-19
patient given the low likelihood of outpatient therapy for this
disease.
After the initial heparin-based therapy, the most common

outpatient anticoagulant used in LMICs is warfarin.Warfarin is
well studied, having been used for many years, and low cost
generic versions are readily available throughout the world.73

The need for and costs associated with necessary laboratory
monitoring of INR for warfarin patients, however, may be dif-
ficult in most resource-limited settings in LMICs. Even in fa-
cilities with relatively ample resources, appropriate treatment
based on INR can be challenging.74

Recommendations and suggestions (Table 1).
1) In LMICs, we recommend initiating therapeutic anti-

coagulation for hospitalized COVID-19 patients with high
clinical suspicion of VTE, in accordance with local clinical
practice guidelines, even in the absence of testing (strong
recommendation and low quality of evidence).

2) If available, we recommend LMWHover UFH or DOACs for
treatment of VTE in LMICs to minimize risk to healthcare
workers (UG best practice statement).

3) In LMIC settings where continuous intravenous UFH or
LMWH are unavailable or not feasible, we recommend fixed
dose heparin, adjusted to body weight and renal function, in
hospitalizedCOVID-19 patientswith high clinical suspicion of
VTE (weak recommendation and low quality of evidence)

How should COVID-19 patients on treatment for VTE be
routinely monitored in LMICs? Rationale. In COVID-19 pa-
tients, monitoring of parameters associated with coagulation
(including among others INR, PTT, and D-Dimer) is a dynamic
and ongoing process. Before the initiation of VTE treatment,
abnormal coagulation parameters havebeen shown tobemore
common in non-survivors than survivors.52 Although patients
are undergoing treatment for VTE, monitoring is required to
assess efficacy and emergence of possible complications.
Patients hospitalized with COVID-19 may have comorbid-

ities necessitating other medications with the potential for
drug–drug interaction. These patients may rapidly develop
severe disease with complications such as renal failure,

respiratory failure, or liver dysfunction that can affect both VTE
and bleeding risk.
Search results. A PubMed search was performed to identify

articles as of June 24, 2020, using the search terms “VTE,”
”monitoring,” ”laboratory,” “COVID-19,” “SARS-CoV-2,” and
“antithrombotic therapy.” The search resulted in five retrospec-
tive cohort studies directly answering the question, all of which
were from HICs. In addition, there were two pertinent studies
and one registry from LMICs and several relevant studies from
HICs, including a Cochrane meta-analysis. During the revision
process, an updated literature search was performed through
November 22, adding five more relevant studies.
Evidence. Although bedside examination for signs/symptoms

ofbleedingorhemorrhage is important, the fundamentalapproach
to monitoring patients on therapeutic anticoagulation with or
withoutCOVID-19 isbasedon laboratoryparameters. InaChinese
observational study of 407 patients identified as high risk of VTE
according to the Padua Score, 44 (11%) also had a high risk of
bleeding by the IMPROVE bleeding score. For these patients, the
dose and duration of anticoagulants needed to be adjusted.75

In COVID-19 patients, the evidence to support laboratory
monitoring for coagulopathy is limited. Elevated levels of
blood IL-6, high-sensitivity cardiac troponin I, and lactate
dehydrogenase, as well as lymphopenia and thrombocyto-
penia, are more variably reported in severe COVID-19.76–78

D-dimer. There is emerging evidence for D-dimer mea-
surement. A retrospective, single-center, observational study
fromChina involving 183 hospitalized patients with COVID-19
pneumonia demonstrated significantly higherD-dimer level at
admission in non-survivors than in survivors (2.12 μg/mL
versus 0.61 μg/mL; P < 0.001; normal D-dimer level < 0.50
μg/mL). Moreover, non-survivors had evidence of progres-
sive disseminated intravascular coagulation, with decreased
fibrinogen, increased D-dimer, and increased prothrombin
time (PT), 10 days after admission.11 Although evidence at the
timeofwriting remains limited,otherstudiesalsohavesuggested
clinical utility of D-dimer measurement. A retrospective French
study involving 71 hospitalized (non-ICU) COVID-19 patients
reported a 90% negative predictive value of baseline D-dimer
level < 1.0 μg/mL for VTE and 98% for PE.79 The same study
reported a positive predictive value for VTE of 44% and 67% for
PEwithD-dimer levels ³ 1.0 μg/mL and ³ 3 μg/mL, respectively.
Other studies have identified laboratory based risk stratifica-

tion models using D-dimer thresholds to identify patients who
should receive prophylactic or therapeutic anticoagulation,
even with low clinical suspicion of VTE.80 Those with D-dimer
level persistently < 1,000 μg/L would receive standard pro-
phylactic dosing, whereas those with initial level < 1,000 μg/L
on admission, but with a significant increase during hospi-
talization to levels above 2,000–4,000 μg/L, may consider
imaging for DVT or PE, particularly if the patient is symptom-
atic for these conditions. When imaging is not feasible, and
clinical suspicion for VTE is high, therapeutic LMWH without
imaging is recommended, provided that the risk of bleeding
is acceptable. In a multicenter study involving three U.S. ac-
ademic hospitals22 elevated D-dimer at hospital presentation
and an elevated D-dimer or decreased platelet count during
ICU admission suggested development of VTE, despite pro-
phylactic anticoagulation. A serum D-dimer concentration
greater than 2,600 ng/mL (normal range, 0–292 ng/mL) dem-
onstrated the most accurate discriminatory function in this
study to detect the occurrence of VTE (area under the curve

104 AHMED AND OTHERS



[AUC]: 0.760; P < 0.0001; sensitivity and specificity of 89.7%
and 59.5%, respectively).
The utility of D-Dimer measurement in hospitalized patients

withCOVID-19 has been explored inmultiple recent studies. A
retrospective observational study of 114 patients from the
United States found that during the first 7 days of hospitali-
zation, peak D-dimer level of > 2,500 ng/mL and a rate of
change exceeding 150 ng/mL/day were predictive of future
diagnosis of VTE, but not mortality.81 A study from England
with 974 patients found aD-dimer cutoff value of 2,247mcg/L
correlates with a reasonable discriminate function (sensitivity
of 0.72 and specificity of 0.74) in the diagnosis of VTE in pa-
tients with moderate-to-severe COVID-19 disease.82 A
French study reported a better predictive performance of D-
dimer cutoff value of 2,590 ng×mL−1 (AUC: 0.88, P < 0.001,
sensitivity 83.3%, specificity 83.8%) among those confirmed
to have PE. The authors further specified that values above
2,590 ng×mL−1 were associated with a 17-fold increase in the
adjusted risk of PE.83 Based on these studies, elevated D-
dimers levels in those with clinical suspicion of VTEmay aid in
diagnosis of PE in hospitalized COVID-19 patients and sup-
port the wider use of D-dimer guided screening for PE in
acutely ill hospitalized patients with COVID-19.
Prothrombin time (PT), partial thromboplastin time (PTT),

and factor Xa. Subcutaneous LMWH and fixed dosed heparin
require laboratorymonitoring. For patients on therapeutic UFH,
serial monitoring of (PTT; also known as APTT) or factor Xa is
suggested. The benefit of monitoring IV heparin once a thera-
peutic threshold has been exceeded is not well defined.84

Anticoagulation Forum and American College of Chest
Physicians both recommend monitoring anti-Xa levels to
monitor UFH because of baseline artefactual abnormalities in
PTT and a potential for heparin resistance. None of the
guidelines recommend dosing of LMWHs based on anti-Xa
levels given lack of evidence on outcomes for thrombosis or
bleeding. Body weight–adjusted doses for LMWH appear
safer, which may be particularly effective in overweight pa-
tients. Elevated PT or PTT is not a contraindication to throm-
boprophylaxis in the absence of active bleeding. A platelet
count < 25 × 109/L or fibrinogen < 0.5 g/L constitutes a
bleeding risk, warranting holding of standard dose VTE pro-
phylaxis, whereas therapeutic anticoagulation should be
withheld if platelet count < 50 × 109/L or fibrinogen < 1.0 g/L.62

The role of serial hemoglobin monitoring in COVID-19 pa-
tients on therapeutic anticoagulation is poorly defined.
We found no data from LMICs regarding the diagnosis of

heparin induced thrombocytopenia (HIT). Speculative expla-
nations for this finding include limited availability of laboratory
assays for serological confirmation of HIT, expense associ-
ated with using nonheparin anticoagulants, and a lack of
awareness of the guidelines.
Availability, feasibility, affordability, and safety. A study from

Nigeria identified the inability to monitor as a primary reason
for reduced clinician adherence to anticoagulation guide-
lines.85 In a separatemulticenter survey from six southeastern
Nigerian tertiary hospitals, most respondents were able to
recognize PT and APTT, but not anti-Xa assay, as laboratory
monitoring tools for anticoagulation therapy. This finding
correlated with heparin and warfarin as the most commonly
administered anticoagulants among respondents.86

D-dimer testing might not be readily available in some
LMICs and likely would incur a higher cost, although specific

pricing in various LMIC environments remains unclear. Early
COVID-19 studies suggestwide useof these tests inChina, an
upper middle-income country.
Recommendations and suggestions (Table 1).

1) For hospitalized COVID-19 patients in LMICs we suggest
D-dimer measurement, if available and affordable, at the
time of admission for risk stratification, or when clinical
suspicion for VTE is high (weak recommendation and low
quality of evidence).

2) For hospitalized COVID-19 patients in LMICs, based on
current available evidence, we make no recommendation
on the use of serial D-dimer monitoring for the initiation of
therapeutic anticoagulation.

3) For hospitalized COVID-19 patients in LMICs receiving
intravenous therapeutic UFH, we recommend serial mon-
itoring of partial thromboplastin time or anti-factor Xa level,
based on local laboratory capabilities (strong recommen-
dation and high quality of evidence).

4) For hospitalized COVID-19 patients in LMICs receiving
LMWH, we suggest against serial monitoring of anti-factor
Xa level (weak recommendation and lowquality of evidence).

5) For hospitalized COVID-19 patients in LMICs, we suggest
serial monitoring of platelet in patients receiving thera-
peutic anticoagulation for VTE, to assess risk of bleeding or
development of HIT (weak recommendation and low
quality of evidence).
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DEVELOPMENT OF RECOMMENDATIONS AND
SUGGESTIONS

Selection of task force members. The selection of the
group members was based on interest in specific aspects of
COVID-19 and direct experience in low- and middle-income
countries (LMICs). Alfred Papali and Marcus Schultz con-
tacted potential team members through email and in person
early in the COVID-19 pandemic and created 10 subgroups
assigned to separate areas in COVID-19 management: “tri-
age,” “safety,” “organization,” “diagnostics,” “acute re-
spiratory failure,” “acute kidney injury,” “coagulopathy,”
“therapeutics,” “shock,” and “support after initial care.” In
total, there were 38 Task Force members representing five
medical specialties or disciplines (emergency medicine, in-
tensive care, infectious diseases, internal medicine, and crit-
ical care nursing) from five of six WHO geographic regions.
The task force consisted of 16 full-time LMIC members, 16
full-timeHICmembers—all with direct LMIC experience—and
six members with joint LMIC/HIC appointments.

TABLE A1
Quality of evidence

A Randomized clinical trials High
B Downgraded randomizedclinical trial(s) or

upgraded observational studies
Moderate

C Observational studies Low
D Downgraded observational studies or

expert opinions
Very low

Factors that may decrease strength of evidence include high likelihood of bias;
inconsistency of results, including problems with subgroup analyses; indirectness of
evidence (other population, intervention, control, outcomes, and comparison), imprecision
of findings, and likelihood of reporting bias.
Factors that may increase strength of evidence: largemagnitude of effect (direct evidence,

relative risk>2withnoplausible confounders), very largemagnitudeof effectwith relative risk>5
and no threats to validity (by two levels), and dose–response gradient (1).
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Selection of subgroup members. Alfred Papali, Marcus
J. Schultz, Hanan Y. Ahmed, Tewodros Haile, Gentle S.
Shrestha Ganbold Lundeg, and Kevan M. Akrami were
assigned to this subgroup based on their specific expertise
and interest in coagulopathy and anticoagulation for patients
with COVID-19.
Meetings. The subgroup worked via electronic-based

communications to establish the procedures for the literature
review, develop relevant questions, and drafting of tables for
evidence analysis. Several electronic-based discussions
among the subgroup leaders and members occurred.
The first step was to formulate a set of clearly defined

questions regarding safety for patients and HCWs caring for
patients with suspected or confirmed COVID-19. An initial list
of potential questions was reviewed for content and clarity by
the subgroupmembers and leaders from theother subgroups,
and questions were rewritten or eliminated after extensive
discussion and according to group consensus. This process
resulted in three distinct questions.
In thenextstep, the“anticoagulation”subgroupassignedoneor

twomembers to search the literature for evidence to answer each
of the questions. The literature search was performed in a mini-
mum of one general database (i.e., MEDLINE and EMBASE) and
the Cochrane Libraries, including article pertaining to COVID-19,
SARS, MERS, and other respiratory viruses.
Search techniques. In the next step, the “anticoagulation”

subgroupassignedoneor twomembers to search the literature
for evidence to answer each of the questions. The literature
search followed the same techniques as previously described
before.1 The literature search was performed in a minimum of
one general database (i.e., MEDLINE and EMBASE) and the
Cochrane Libraries, including article pertaining to COVID-19,

SARS, MERS, and other respiratory viruses. The terms low-
resourcesetting andLMICwerealsoadded to the search,but in
cases where adding these terms resulted in no results, we ap-
praised the literature from HICs and adapted the results to the
constraints usually present in LMICs. Furthermore, the sub-
group members also searched for unpublished study results
and included references suggested by group members, when
relevant.
Grading of Recommendations. The subgroup members

classified quality of evidence as high, moderate, low, or very
low and recommendations as strong or weak. The factors
influencing this classification are presented in Table A1.
The subgroup members paid extensive attention to several

other factors as used before, but now focusing on LMICs, that
is, availability and feasibility in LMICs, and safety matters in
LMICs. A strong recommendation was worded as “we rec-
ommend” and a weak recommendation as “we suggest.”
Recommendations could remain “ungraded” (UG), when, in the
opinion of the subgroup members, such recommendations
werenotconducive for theprocessdescribedabove (TableA2).
Reporting. The report was edited for style and form by

Alfred Papali or Marcus Schultz, with final approval by sub-
group leaders and then by the entire “COVID–LMIC Task
Force.” A final document was submitted to the “American
Journal of Tropical Medicine and Hygiene” for potential pub-
lication and made open access.
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TABLE A2
Strong vs. weak recommendations*

What is Considered How it affects the recommendation

High evidence The higher the quality of evidence, the more likely a strong recommendation
Certainty about the balanceof benefits vs.
harms and burdens

The larger/smaller thedifferencebetween thedesirableandundesirable consequencesand the
certainty around that difference, the more likely a strong/weak recommendation

Certainty in or similar values The more certainty or similarity in values and preferences, the more likely a strong
recommendation

Resource implications The lower/higher the cost of an intervention compared to the alternative the more likely a
strong/weak recommendation

Availability and feasibility in LMICs The less available, the more likely a weak recommendation
Affordability for LMICs The less affordable, the more likely a weak recommendation
Safety of the intervention in LMICs The less safe in an LMIC, the more likely a weak recommendation
Adapted from Ref. 1.
* In case of a strong recommendation, we use “we recommend . . .”; in case of a weak recommendation, we use “we suggest . . .”
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