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Abstract

Based on emerging evidence from the COVID-19 pandemic, the International So-
ciety on Thrombosis and Haemostasis (ISTH) guidelines for antithrombotic treat-
ment in COVID-19 were published in 2022. Since then, at least 16 new randomized
controlled trials have contributed additional evidence, which necessitated a modi-
fication of most of the previous recommendations. We used again the American
College of Cardiology Foundation/American Heart Association methodology for
assessment of level of evidence (LOE) and class of recommendation (COR). Five
recommendations had the LOE upgraded to A and 2 new recommendations on
antithrombotic treatment for patients with COVID-19 were added. Furthermore, a
section was added to answer questions about COVID-19 vaccination and vaccine-
induced immune thrombotic thrombocytopenia (VITT), for which studies have
provided some evidence. We only included recommendations with LOE A or B.
Panelists agreed on 19 recommendations, 4 for nonhospitalized, 5 for noncritically
ill hospitalized, 3 for critically ill hospitalized, and 2 for postdischarge patients, as
well as 5 for vaccination and VITT. A strong recommendation (COR 1) was given for
(a) use of prophylactic dose of low-molecular-weight heparin or unfractionated
heparin in noncritically ill patients hospitalized for COVID-19, (b) for select patients
in this group, use of therapeutic-dose low-molecular-weight heparin/unfractionated
heparin in preference to prophylactic dose, and (c) for use of antiplatelet factor 4
enzyme immunoassays for diagnosing VITT. A strong recommendation was given
against (COR 3) the addition of an antiplatelet agent in hospitalized, noncritically ill
patients. These international guidelines provide recommendations for countries

with diverse healthcare resources and COVID-19 vaccine availability.
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1 | PREAMBLE

The ISTH has published evidence-based clinical practice guidelines
since 2020 with recommendations that aim to improve global health.
ISTH strives to promote increased adoption of evidence-based
guidelines by increasing the speed, quality, access, and applicability
of these resources. Guideline panel members volunteer their time to
gather and evaluate published literature and to synthesize and classify
evidence. Guidelines are official policy of the ISTH.

1.1 | Target audience

This guideline provides recommendations for clinicians in Internal
Medicine, Intensive Care, Infectious Disease, Hematology, and
Vascular Medicine, as well as hospitalists, family practitioners, and
other healthcare providers who deliver inpatient or outpatient care to
patients with COVID-19. Although guidelines endeavor to apply to a

majority of patients, they can never be relevant to every individual
and must be accompanied by good clinical judgment. The ultimate goal
is to optimize quality of care while taking patient preferences into
account. Clinical practice guidelines may also help inform decision-

making among regulatory agencies and payers.

1.2 | Clinical implementation

Successful treatment is predicated on effective interactions between
the clinical team and the patients they treat. One aspect of these in-
teractions is communicating the value of clinical practice guidelines.
Engagement and adherence to treatment are improved among pa-
tients who receive education on the evidence underpinning their
recommended treatments and among those who engage in shared
decision-making with their care teams. Patient values and preferences
are particularly important when the quality of the evidence and/or the

strength of a recommendation is low.
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2 | INTRODUCTION

COVID-19 was declared a pandemic on March 11, 2020 [1]. Although
the World Health Organization downgraded COVID-19 from this level
on May 5, 2023, because it no longer considered it a global emer-
gency, COVID-19 remains prevalent across the globe, with new spikes
in cases in 2023 [2]. COVID-19 has claimed almost 7 million lives, yet
as of March 2023, 28% of the world population had not received any
vaccination against COVID-19, with glaring disparities between highly
developed and less developed countries [3]. Although new subvariants
of the SARS-CoV-2 Omicron variant appear to cause less severe dis-
ease, they are more contagious than previous variants. Persistently
high transmission rates, coupled with a large number of community-
dwelling individuals at high risk of infection and complications, sug-
gest that clinicians must remain vigilant about COVID-19 and up-to-

date on treatment recommendations.

2.1 | Purpose of the update
More than a dozen new randomized controlled trials (RCTs) have been
published since the original ISTH guidelines for antithrombotic treat-
ment in COVID-19 were published online in July 2022 [4]. To ensure
clinicians remain current on emerging evidence, the guideline panel
proposed production of a focused update. This proposal was approved
by ISTH in March 2023 with a request to add a section on vaccination
against COVID-19 and vaccine-induced immune thrombotic thrombo-
cytopenia (VITT). However, during review of the new literature, it
became clear that most of the original recommendations required
modifications linked to changes in the level of evidence (LOE) and/or
the class of recommendation (COR). Furthermore, some questions that
did not meet the prespecified evidence threshold for inclusion in the
original guideline were now sufficiently supported to warrant new
recommendations. Based on these observations, the project shifted
from a focused update to a general update of the entire guideline.
Ideally, studies published since mid-2022 would provide COVID-19
variant-specific results, but this was rarely the case. New studies were
initiated early in the pandemic and enrolled patients with predomi-
nantly or only early variants, or they enrolled patients over several
years but did not specify outcomes by COVID-19 variant. Accordingly,
it was not possible to report variant-specific recommendations. It could
also be argued that the recommendations should be tailored to patients’
vaccination status. Again, available data from the RCTs are not suffi-
ciently detailed to inform of differences in management according to
patients’ vaccination status. Although most patients with recent
vaccination will have no or mild symptoms, it is more relevant to tailor

treatment recommendations to severity of the illness.

3 | METHODS

Consistent with the original guideline, ISTH used methods recom-

mended by the American College of Cardiology Foundation (ACCF)

jth--
and the American Heart Association (AHA) [5,6]. These methods keep
the guidelines short and user-friendly by presenting each set of rec-
ommendations in tabular format, followed by a brief synopsis and
recommendation-specific supportive text. Due to the temporal prox-
imity of this update to the original guideline, we do not repeat
recommendation-specific supportive text if there was no change in the
LOE, COR, or outcomes. For those recommendations, readers are
referred to the original version of the guideline.

3.1 | Panel selection and management of conflicts of
interest

The guideline Chairman, 13 content expert panel members, and 2
patient representatives (L.B. and S.K.) from the original version of the
guidelines participated in this update. Two additional content experts
were invited to lead the new section on vaccination and VITT. All
members completed disclosures including information on relationships
with industry and other potential conflicts of interest. Panelists
remained in their previously assigned sections (outpatients [nonhos-
pitalized and postdischarge; J.T., T.l, and T.A.M.], noncritically ill pa-
tients [A.CS.,, SM,, CAB, and ER., and critically ill patients [R.Z,,
C.M.S,, and J.H.L.]) except 3 who were assigned to the new vaccine and
VITT section (M.S., JM.C,, AF. and the content experts D.M.A. and
I.N.). Critically ill and noncritically ill patients were defined based on
criteria in each included study, and details are available in the evi-
dence tables. Generally, patients not requiring organ support or me-
chanical ventilation other than low-flow supplemental oxygen were
considered noncritically ill. Although there are relatively few patients
with critical illness due to COVID-19, some patients require immedi-
ate organ support, such as invasive or noninvasive positive pressure
ventilation, high-flow supplemental oxygen therapy, extracorporeal
membrane oxygenation, continuous renal replacement therapy,

vasopressor, or inotrope support.

3.2 | Search strategy and deployment

The literature search algorithm for the recommendations in the 2022
ISTH guidelines for antithrombotic treatment in COVID-19 was used
again but with the time period changed from January 1, 2020, to
March 06, 2022, March 01, 2022, March 31, 2023. However, for the
section on vaccines and VITT, the search, based on extensive input
from the guideline panel, included the period April 1, 2023, to August
03, 2023 (PubMed, Cochrane, and EMBASE) and was performed by an

experienced medical librarian.

33 |
studies

Abstract review and identification of included

For the original recommendations, which with one exception were

based on data from RCTs, the working groups only selected and
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reviewed abstracts from new RCTs or meta-analyses. Prespecified
criteria included the updated date range, human subjects aged 18+
years, established COVID-19 diagnosis, RCT design, minimum follow-
up of 7 days, and minimum sample size of 100 subjects. For the
recommendation on vaccination against COVID-19 (Recommendation
15), the additional criterion of retrospective cohort studies with at
least 400 cases was also included.

VITT context experts initially proposed 8 “patient, intervention,
comparator, outcome” (PICO) questions. Of these, 4 were excluded
due to lack of evidence. For the remaining VITT-related PICOs, only
nonrandomized studies on intervention effects were available. Pro-
ducing recommendations for interventions based on nonrandomized
studies is challenging because of the greater risk of bias compared
with RCTs. Nonetheless, panelists agreed that because VITT is a rare
disease, it was important to include all available evidence that met
inclusion criteria for this condition.

Accordingly, prespecified criteria for inclusion of studies on VITT
(laboratory diagnosis, heparin vs nonheparin, and intravenous gam-
maglobulin [IVIG]) were date range June 11, 2020, to August 03, 2023,
human subjects of any age, established VITT (for treatment-related
questions), suspected VITT (for diagnosis-related questions), cohort
or case-control design, specification of a gold standard comparison for
diagnostic accuracy studies, and minimum sample size of 30 subjects.

As with the original version of the guideline, results files for the
vaccine/VITT literature searches were loaded into an online abstract
review platform [7]. Two reviewers screened abstracts against the
prespecified inclusion criteria, and the guideline methodologist adju-
dicated any conflicts that arose during abstract review. Full-text
copies of potentially relevant studies were provided to members of
the vaccine/ VITT working group. The working group, guideline
Chairman, and methodologist reviewed all papers and together
determined which met inclusion criteria.

Studies published after the literature search end dates and up to
October 31, 2023, were eligible for inclusion if they met relevant
criteria and had the potential to change the recommendations. Panel
members did not become aware of any such studies after the close of
the searches.

3.4 | Assessment of bias and the strength and
quality of evidence

Evidence tables describing characteristics and outcomes of included
studies are available in the online Supplementary material. Devel-
opment of written recommendations followed ACCF/AHA methods
(Figure 1), with the COR indicating whether and to what degree
panelists determined that available evidence reflects benefits or
harms associated with a particular treatment and the LOE reflecting
panelists’ assessment of the quality of the studies that inform the
recommendation. Only PICO questions represented by studies ful-
filling LOE A or B were included in this guideline. Vaccine/VITT
evidence table development and bias assessment followed the same

methodology as the original version of the guidelines [4]. For the

PICO questions on treatment of VITT, the available studies only
fulfilled LOE C-LD, but this information should be important for
providers and patients. It is very unlikely that new studies with
higher quality of evidence on treatment of VITT will become avail-
able, and therefore, the panel decided to include Recommendations
18 and 19 in the guidelines. In addition, for questions related to
diagnostic accuracy of VITT, sensitivity, specificity, and positive
predictive values (PPVs) and negative predictive values (NPVs) were
calculated when data were available, and the Quality Assessment of
Diagnostic Accuracy Studies tool (QUADAS-2) was used [9]. The
latter method assesses 4 risk-of-bias domains in diagnostic accuracy
studies, with each domain consisting of several questions. These
domains are patient selection, index test, reference standard, flow,
and timing. The first 3 domains are also assessed in terms of con-
cerns regarding applicability. In assessing risk of bias for a given
domain, if answers to all domain-specific questions are judged as
“yes,” then risk of bias for that domain can be judged as low. If any
questions are judged as “no,” then potential for bias exists. A similar
approach applies for judgment of applicability, with reviewers rating

how well the study matches the review question.

3.5 | Debate and voting

Each working group presented assessments of quality of evidence and
strength of recommendations for the recommendations in its section.
Panel members received section-specific materials in advance of vir-
tual meetings; all could contribute to the discussion and prepare
recommendations for voting. Panel discussions were recorded, and
members had an opportunity to review the recordings and make
additional comments. Discussions were aimed at reaching consensus
among the panelists. Voting for all recommendations was conducted
using a confidential ISTH website and was based on methods outlined
by ACCF/AHA, with recusals as appropriate. Intellectual conflict of
interest did not disqualify them from voting. Recommendations were
approved by 94% to 100% of panel members, with at least 51%

required for approval.

3.6 | Public review and comment

The final draft of these guidelines was posted on the ISTH website and
made available for organizations with different stakeholders, including
patients, for public review for 2 weeks, and comments were invited.
The guideline Chairman reviewed all comments, consulted with
the appropriate working group if needed, and responded.
Recommendation-specific supportive texts were revised as required

by the public comments.

4 | TREATMENT RECOMMENDATIONS

Each of the 5 sections starts with a tabular list of recommendations,

each one with a brief comment below if the recommendation is new or
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CLASS (STRENGTH) OF RECOMMENDATION

CLASS 2a (MODERATE)

Suggested phrases for writing recommendations:
® |s reasonable
* Can be useful/effective/beneficial
¢ Comparative-Effectiveness Phrasest:
— Treatment/strategy A is probably recommended/indicated in
preference to treatment B
— Itis reasonable to choose treatment A over treatment B

Benefit >> Risk

LEVEL (QUALITY) OF EVIDENCE}

3 ' | ] nec

LEVEL C-LD (Limited Data)

* Randomized or nonrandomized observational or registry studies with
limitations of design or execution

* Meta-analyses of such studies

* Physiological or mechanistic studies in human subjects

LEVEL C-EO (Expert Opinion)

* Consensus of expert opinion based on clinical experience

COR and LOE are determined independently (any COR may be paired with any LOE).

A recommendation with LOE C does not imply that the recommendation is weak. Many
important clinical questions addressed in guidelines do not lend themselves to clinical
trials. Aithough RCTs are unavailable, there may be a very clear clinical consensus that a
particular test or therapy is useful or effective.

* The outcome or result of the intervention should be specified (an improved clinical
outcome or increased diagnostic accuracy or incremental prognostic information).

[y

For comparative-effectiveness recommendations (COR 1 and 2a; LOE A and B only),
studies that support the use of comparator verbs should involve direct comparisons
of the treatments or strategies being evaluated.

The method of assessing quality is evolving, including the application of stan-
dardized, widely-used, and preferably validated evidence grading tools; and for
systematic reviews, the incorporation of an Evidence Review Committee.

COR indicates Class of Recommendation; EO, expert opinion; LD, limited data; LOE, Level
of Evidence; NR, nonrandomized; R, randomized; and RCT, randomized controlled trial.

++

FIGURE 1 Classification of recommendations and level of evidence. Reprinted with permission. Source: Greenberg et al. [8].

has been modified. Unchanged recommendations from the 2022 ISTH
guidelines do not have any comment or recommendation-specific
supportive text. The reader is referred for that to the respective
section in the 2022 ISTH guidelines [4]. Thereafter follows a synopsis
and recommendation-specific supportive texts. Sequencing of the list
of those texts within the body of the article is aligned with the
numbering of recommendations used in the tables.

Whenever the type of heparin was defined in a study as unfrac-
tionated heparin (UFH) or low-molecular-weight heparin (LMWH), this
is specified in the text. In some studies, the type was either not
defined or the results were provided with the UFH and LMWH
together, which is referred to as “heparins” in the text. The prophy-
lactic, intermediate, and therapeutic-dose levels of UFH, LMWH, and
direct oral anticoagulants (DOACs) included in these guidelines were
presented in Table 1 in the 2022 ISTH guidelines [4].

The definition of “noncritically ill” and “critically ill” varies be-
tween studies. We examined data for these patient categories as
defined by the inclusion criteria in each study, and details are
available in the accompanying evidence tables under “Study
Characteristics.”

4.1 | Antithrombotic therapy for nonhospitalized
patients (Table 1)

411 | Synopsis

The term “nonhospitalized” refers to patients with COVID-19, residing

in the community and without recent hospitalization for COVID-19.

The treatments evaluated in this section were evaluated for
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TABLE 1

COR LOE
3: No benefit B-R

Recommendations for antithrombotic therapy for nonhospitalized patients.

1. In nonhospitalized patients with symptomatic COVID-19, initiation of antiplatelet therapy is not effective to reduce risk

of hospitalization, arterial or venous thromboembolism, or mortality [10].

MODIFIED: “thrombosis” was changed to “thromboembolism” (Section 3.1 in the 2022 ISTH COVID-19 Guideline).

3: No benefi

2b

2. In nonhospitalized patients with symptomatic COVID-19, initiation of direct oral anticoagulant therapy is not effective to
reduce risk of hospitalization, arterial or venous thromboembolism, or mortality [10-13].

MODIFIED: “thrombosis” was changed to “thromboembolism.” New evidence was added, and LOE was updated from B-R to A
(Section 3.1 in the 2022 ISTH COVID-19 Guideline).

3. In nonhospitalized patients with COVID-19 at higher risk of disease progression, initiation of oral sulodexide therapy within

3 days of symptom onset may be considered to reduce risk of hospitalization [14].

3: No benefit B-R

4. In nonhospitalized patients with symptomatic COVID-19, thromboprophylaxis with low-molecular-weight heparin is not

effective to reduce the risk of disease progression [15,16].

NEW: New evidence has been published to support a LOE B-R recommendation.

Evidence from referenced studies that support recommendations is summarized in online Supplementary Evidence Tables S1-54.

COR, class or recommendation; LOE, level of evidence.

outcomes such as thromboembolism, subsequent hospitalization, or
mortality. Three new RCTs provided additional evidence to forego
treatment with a DOAC to reduce the risk for adverse outcomes in
this patient population. A new recommendation was generated as the
result of 2 recent trials evaluating LMWH at a prophylactic dose in
nonhospitalized patients, both with negative results. In the vast ma-
jority of patients with COVID-19 and mild-moderate symptoms, the
incidence of thromboembolism, hospitalization, or death appears to be
so low that no antithrombotic therapy is required unless indicated by

other preexisting diseases.

412 | Recommendation-specific supportive text

2. Three additional RCTs have been published comparing prophylactic
dose of the DOAC rivaroxaban with placebo [11,13] or usual care
[12] for 14 to 35 days in nonhospitalized patients with suspected
COVID-19 or a positive SARs-CoV-2 polymerase chain reaction test.
Patients had risk factors for thrombosis and/or clinical deterioration.
Risk of bias was generally low. There was no significant difference
between treatment groups for composite outcomes—venous
thromboembolism (VTE), need for mechanical ventilation, acute
myocardial infarction, stroke, acute limb ischemia, and death not
attributed to major injury [12], or major venous and arterial throm-
botic events [13], or separately for thromboembolism, myocardial
infarction, death, or bleeding. Together with the previously published
RCT [10], these 4 studies with 3098 patients and consistently
negative results justified a change of the LOE from B-R to A.

4. In 2 RCTs, a prophylactic dose of the LMWH enoxaparin was
compared with usual care for 14 to 21 days in nonhospitalized
patients with symptomatic COVID-19 and positive SARS-CoV-2
polymerase chain reaction test plus at least 1 risk factor for se-
vere disease [16], or body temperature higher than 37.5 °C [15].

The 2 studies enrolled 689 patients, and both were discontinued
because of slow recruitment/futility. There was no significant dif-
ference between the treatment groups for the composite outcome
of all-cause death and all-cause admission to hospital at 21 days
after randomization [16], or any unplanned hospitalization and all-
cause mortality within 30 days [15], or for the individual outcomes
of hospitalization, thromboembolism, death, or major bleeding.

4.2 | Antithrombotic therapy for noncritically ill,
hospitalized patients (Table 2)

421 | Synopsis

Three new RCTs comparing therapeutic dose with intermediate or
prophylactic dose LMWH have been published, but only 1 had
adequate sample size to evaluate outcomes [30]. This together with a
new meta-analysis [31] provided support for adding “reduced risk of
death” to the outcomes listed in the recommendation for therapeutic-
dose heparin LMWH or UFH. Two new RCTs evaluated intermediate
dose LMWH versus other dose regimens [29,33]. The results were
mixed with reduced incidence of thromboembolism in one and
increased risk of bleeding in the other study. Together with the
inconsistent results from previous observational studies and 1 RCT,
there is no evidence to support use of intermediate-dose heparins in
this setting. One new, large RCT added to the evidence from previous
trials that antiplatelet agents do not reduce the risk for adverse
outcomes in noncritically ill, hospitalized patients [36]. Another new,
large RCT (FREEDOM COVID) compared the effect of therapeutic
dose of the DOAC apixaban with therapeutic-dose LMWH and with
prophylactic dose LMWH [30]. The results were similar for apixaban
and therapeutic-dose LMWH, both demonstrating reduced mortality

compared to prophylactic dose. Although this was not the primary
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TABLE 2 Recommendations for antithrombotic therapy for noncritically ill, hospitalized patients.

COR LOE
B-NR

and death [24-31].

outcomes [29,32,33].

Guideline).

and should not be used [34-36].

5. In noncritically ill patients hospitalized for COVID-19, low (prophylactic) dose LMWH or UFH is recommended in
preference to no LMWH or UFH to reduce risk of thromboembolism and possibly death [17-23].

6. In select noncritically ill patients hospitalized for COVID-19, therapeutic-dose LMWH or UFH is beneficial in preference
to low (prophylactic) or intermediate dose LMWH or UFH to reduce risk of thromboembolism, end-organ failure,

MODIFIED: The outcome “death” was added because of new evidence (Section 3.2. in the 2022 ISTH COVID-19 Guideline).

7. In noncritically ill patients hospitalized for COVID-19, intermediate-dose LMWH or UFH is not recommended in
preference to low (prophylactic) dose LMWH or UFH to reduce risk of thromboembolism and other adverse

MODIFIED: New evidence has been added. LOE was updated from B-R to A (Section 3.2. in the 2022 ISTH COVID-19

8. In noncritically ill patients hospitalized for COVID-19, add-on treatment with an antiplatelet agent is potentially harmful

MODIFIED: New information is included in the supportive text.

9. In noncritically ill patients hospitalized for COVID-19, therapeutic-dose apixaban is not well established but might be

considered to reduce end-organ failure and death [30].

MODIFIED: New evidence has been published about therapeutic-dose apixaban (Section 3.2. in the 2022 ISTH

COVID-19 Guideline).

Evidence from referenced studies that support recommendations is summarized in online Supplementary Evidence Tables S5-59.

COR, class or recommendation; LMWH, low-molecular-weight heparin; LOE, level of evidence; UFH, unfractionated heparin.

endpoint, it can be argued that death is a hard endpoint that is difficult
to neglect. However, the results contradicted those of a smaller RCT
(AntiCoagulaTlon cOroNavirus) with a different DOAC (rivaroxaban).
For this reason, the recommendation informs that it is “not well
established.”

Lastly, a small RCT comparing prophylactic to intermediate doses
of rivaroxaban versus enoxaparin in hospitalized, noncritically ill pa-
tients found superiority of the former using a composite of multiple
efficacy and safety endpoints. The panel did not include it in this
guideline as it had several methodological limitations [37]. One reg-
istry study in 1500 patients compared UFH with LMWH in hospital-
ized patients with COVID-19 using propensity score analysis [38]. The
need for organ failure support and mortality were higher among those
treated with UFH, but there was no information on the doses used
with UFH and LMWH, and therefore the data are inconclusive and do
not qualify for a recommendation.

4.2.2 | Recommendation-specific supportive text

6. The FREEDOM COVID trial randomized 3398 noncritically ill pa-
tients with COVID-19 to prophylactic-dose enoxaparin, therapeutic-
dose enoxaparin, or therapeutic-dose apixaban [30]. All-cause mor-
tality occurred in 7.0% of patients treated with prophylactic-dose
enoxaparin and 4.9% of patients treated with therapeutic-dose

anticoagulation, and intubation was required in 8.4% vs 6.4% of

patients, respectively; both differences were statistically significant.
Two smaller trials that randomized 159 [28] and 315 [29] noncriti-
cally ill hospitalized COVID-19 patients, respectively, to therapeutic
versus low or intermediate dose LMWH suggested lack of benefit of
therapeutic anticoagulation, but these findings were too imprecise
for definitive conclusions. An updated meta-analysis of high-quality
studies of hospitalized, noncritically ill patients with COVID-19
found that therapeutic-dose anticoagulation with UFH or LMWH
reduced all-cause mortality and major thromboembolism compared
with prophylactic or intermediate-dose heparins, without a signifi-
cant difference in major bleeding [31]. The recommendation was
therefore modified to include reduced mortality risk. An exploratory
analysis of a large multiplatform adaptive randomized trial [39] found
that therapeutic-dose heparins increased organ support-free days in
hospitalized patients with COVID-19 who were not severely ill at
presentation or had low body mass index [40].

. The Standard versus High Prophylactic Doses or Anticoagulation in

Patients With High Risk of Thrombosis Admitted With COVID-19
Pneumonia (PROTHROMCOVID) trial randomized 311 noncritically
ill patients with COVID-19 to tinzaparin at prophylactic (4500 I1U),
intermediate (100 1U/kg), or therapeutic (175 IU/kg) doses given
once daily during hospitalization and followed by 7 days prophylaxis
after discharge [29]. There was no significant difference among
treatment groups for the composite outcome of a symptomatic
thrombotic event, need for noninvasive or invasive ventilation, or

death within 30 days, and there were no major bleeding events. The
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trial was stopped early based on futility analysis. The COVID-19 and
dose of anticoagulation (COVI-DOSE) trial randomized hospitalized
patients with COVID-19 (n = 1005, 80.1% noncritically ill and 19.9%
critically ill) to weight-adjusted intermediate dose or fixed-dose
thromboprophylaxis with LMWH [33]. The observed rate of symp-
tomatic VTE was lower than expected and occurred in 1.2% of pa-
tients in the weight-adjusted intermediate dose group versus 2.1%
in the fixed-dose prophylaxis group. This difference was not statis-
tically significant, but there was a significant, 2-fold increase in major
bleeding in the weight-adjusted intermediate dose LMWH group.
Taken together, these results do not support use of intermediate-
dose LMWH in noncritically ill patients with COVID-19.

8. The Anti-Coronavirus Therapies trial used a multifactorial design to
randomize 2119 patients to aspirin (100 mg/day) plus rivaroxaban
(2.5 mg twice daily) or usual care (and to colchicine or usual care) [36].
There were no significant differences between the combined
antithrombotic treatment and usual-care groups for the composite
outcome of major thrombosis (myocardial infarction, stroke, acute
limb ischemia, or pulmonary embolism), the need for high-flow oxy-
gen, mechanical ventilation, death, or serious bleeding. The large
Randomised Evaluation of COVID-19 Therapy (RECOVERY) trial (n =
14 892) [35] and a third RCT [34] revealed no mortality benefit for
aspirin or a P2Y12 inhibitor, respectively, as add-on therapy among
noncritically ill patients hospitalized for COVID-19. The RECOVERY
trial indicated evidence of harm with significantly increased risk for
major bleeding among patients on antiplatelet therapy [35]. A fourth
RCT that compared interventions including aspirin, clopidogrel, low-
dose rivaroxaban, atorvastatin, and omeprazole to standard care was
not included in this guideline due to the complexity of the interven-
tion and because 36% of patients in the control group received at
least 1 antiplatelet agent [41]. However, among patients who are
already on antiplatelet therapy with clear indications, good clinical
practice suggests continuing antiplatelet therapy among patients
hospitalized for COVID-19 [42].

9. The FREEDOM trial randomized 3398 noncritically ill patients
hospitalized with COVID-19, 1:1:1 to prophylactic-dose enoxaparin
(40 mg once daily), therapeutic-dose enoxaparin (1 mg/kg twice
daily), or therapeutic-dose apixaban (5 mg twice daily) [30]. The
primary outcome was a 30-day composite of all-cause mortality,
requirement for intensive care unit (ICU)-level of care, systemic
thromboembolism, or ischemic stroke assessed in the combined
therapeutic-dose groups compared with the prophylactic-dose
group. There was no significant difference in the primary
outcome between the treatment groups. All-cause mortality was
reduced significantly from 7.0% among patients treated with
prophylactic-dose enoxaparin to 4.9% of patients treated with
therapeutic-dose anticoagulation. Similar results were observed for
apixaban and LMWH, and major bleeding was infrequent in all 3
groups. Furthermore, fewer patients who were treated with
therapeutic-dose anticoagulation required intubation.

4.3 | Antithrombotic therapy for critically ill,
hospitalized patients (Table 3)

431 | Synopsis

With the current, less aggressive SARS-CoV-2 variants and with
increasing immunity in the population from vaccination and previous
COVID-19 episodes, the number of patients hospitalized for COVID-
19 and requiring organ support has diminished. Persons without such
immunity are still susceptible for severe COVID-19, and they occa-
sionally require treatment in an ICU. Two new RCTs addressed the
value of intermediate dose regimen of LMWH in critical care. One
study demonstrated a reduction of new thromboembolism compared
with standard prophylactic dose [45], whereas the other study showed
a significant increase in bleeding with intermediate dose [33]. Like-

wise, the 3 new RCTs that compared therapeutic-dose heparins

TABLE 3 Recommendations for antithrombotic therapy for critically ill, hospitalized patients.

COR LOE

COVID-19 Guideline).

(Section 3.3. in the 2022 ISTH COVID-19 Guideline).

10. In critically ill patients hospitalized for COVID-19, intermediate dose LMWH or UFH is not recommended over
prophylactic dose LMWH or UFH to reduce risk of adverse events, including mortality [33,43-45].

MODIFIED: New studies have been added, and LOE has therefore been updated from B-R to A for mortality; “thromboembolism”
has been removed due to discrepant results (Section 3.3. in the 2022 ISTH COVID-19 Guideline).

11. In critically ill patients hospitalized for COVID-19, therapeutic-dose LMWH or UFH is not recommended over usual-care or
prophylactic dose LMWH or UFH [25,28,39,45-47].

MODIFIED: New studies have been added, and LOE has therefore been updated from B-R to A (Section 3.3. in the 2022 ISTH

12. In critically ill patients hospitalized for COVID-19, add-on treatment with an antiplatelet agent to prophylactic dose
LMWH/UFH, is not recommended to reduce adverse events [35,47-50].

MODIFIED: New studies have been added, and LOE has therefore been updated from B-R to A. There is overall limited
evidence for reduced mortality balanced by increased risk of bleeding, and COR has therefore been updated from 2b to 3:NB

Evidence from referenced studies that support recommendations is summarized in online Supplementary Evidence Tables S10-S12.

COR, class or recommendation; LMWH, low-molecular-weight heparin; LOE, level of evidence; UFH, unfractionated heparin.
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with lower doses provided mixed results with reduction of thrombo-
embolism in 2 trials [45,47] but increased severe and moderate
bleeding [47]. The balance between efficacy and safety is obviously
difficult in these very ill patients. Another RCT explored the transition
of patients from noncritically ill to critically ill and enrolled from the
subset of patients in the Randomized, Embedded, Multifactorial
Adaptive PlatformTrial for Community-Acquired Pneumonia RCT
that had been allocated to treatment dose heparin [51]. The patients
were then rerandomized to continued treatment dose or to inter-
mediate or standard prophylactic-dose heparin in the ICU. The
therapeutic-dose arm was prematurely discontinued by the data
safety monitoring board when 75 patients had been randomized for
futility to demonstrate any advantage of continuing therapeutic-dose
heparin. This small study did not qualify for a recommendation in the
guideline.

Two new RCTs compared platelet inhibition with clopidogrel or
ticagrelor versus usual care, and there was no evidence of efficacy
benefit [47,49]. In the 2022 ISTH guidelines, the addition of anti-
platelet agent to prophylactic dose heparin was given a very guarded
positive suggestion, but with all 4 RCT results taken together, there is

no support for a net benefit.

4.3.2 | Recommendation-specific supportive text
10. The COVI-DOSE study was a multicenter, open-label, phase 4, su-
periority trial with blinded outcome adjudication that randomized
1000 adult inpatients presenting with acute respiratory SARS-CoV-
2 into 2 treatment groups: intermediate weight-adjusted prophy-
lacticdose LMWH or a fixed-dose of subcutaneous LMWH [33]. The
observed rate of thromboembolic events was lower than expected
in both groups. There was a statistically significant, 2-fold increased
risk of major or clinically relevant nonmajor bleeding in the weight-
adjusted dose group compared with the fixed-dose group, and no
significant difference in thromboembolism or mortality. Similar in
design to COVI-DOSE, the Anticoagulation COVID-19 study ran-
domized 339 patients with hypoxemic COVID-19 pneumonia, of
whom 90% were in an ICU at randomization [45]. Patients were
assigned in equal numbers to standard prophylactic dose, high
prophylactic dose, or treatment dose LMWH. Compared with
standard prophylactic dose, neither high prophylactic dose nor
treatment dose heparin improved the primary outcome of all-cause
mortality or time to clinical improvement; however, the high pro-
phylactic dose resulted in significantly better net clinical outcome
by decreasing the risk of venous or arterial thrombosis without
increased risk of bleeding. Taken together with 2 previous trials
with negative findings [43,44], these results do not suggest any
advantage of intermediate or high prophylactic dose LMWH
compared with standard-dose LMWH among critically ill patients. A
variety of factors may have contributed to the differences in
outcome in the critically ill compared with the noncritically ill pa-
tients.

Great variability in exposure to LMWH has been

11.

12.

jth--
demonstrated in critically ill patients [52], but there is no evidence
yet to support that adjustment of dose according to Xa-monitoring
will lead to improved clinical outcomes.

The Anticoagulation COVID-19 randomized, open-label trial
assigned equally 339 patients with hypoxemic COVID-19 pneu-
monia requiring supplemental oxygen to therapeutic anti-
coagulation or high-dose prophylactic anticoagulation with
standard-dose prophylactic LMWH and with 90% of the patients
in an ICU at randomization [45]. Compared with standard pro-
phylactic dose, neither high prophylactic dose nor treatment dose
heparin improved the primary hierarchical outcome of all-cause
mortality or time to clinical improvement in patients with hyp-
oxemic COVID-19 pneumonia; however, the high prophylactic
dose resulted in significantly better net clinical outcome by
decreasing the risk of venous or arterial thrombosis without
increased risk of bleeding. In the Prevention of Arteriovenous
Thrombotic Events in Critically-ill COVID-19 Patients Trial study,
patients were randomized to full-dose anticoagulation or
standard-dose prophylactic anticoagulation (n = 390) [47], and
patients with no indication for antiplatelet therapy were ran-
domized to either clopidogrel or no antiplatelet therapy (n = 292).
In critically ill patients with COVID-19, full-dose anticoagulation,
but not clopidogrel, significantly reduced thrombotic complica-
tions but with an increase in severe or moderate bleeding (Global
Use of Strategies to Open Occluded Arteries definition) [53] that
was driven primarily by transfusions in hemodynamically stable
patients. No difference in mortality was observed between
groups. In the smaller COVID-HEP trial, 159 patients with acute
severe COVID-19 were randomized within 48 hours of hospital
admission to therapeutic-dose LMWH or UFH versus intermedi-
ate or prophylactic dose LMWH or UFH [28]. However, only 88
patients were in the ICU, and there were no differences in
thromboembolism, mortality, or major bleeding between groups.
Taken together with the large, negative, multiplatform RCT
(REMAP-CAP, Accelerating COVID-19 Therapeutic Interventions
and Vaccines-4 Antithrombotics Inpatient, and Antithrombotic
Therapy to Ameliorate Complications of COVID-19) [39] and the
secondary analysis, which showed that heparin was more likely to
cause harm in the more severely ill patients [40], the results of
these trials do not suggest any advantage of therapeutic-dose
heparin compared with lower doses among critically ill patients.
In the ACTIV-4a trial, which included 943 critically ill partici-
pants hospitalized for COVID-19, 14-day treatment with a
P2Y12 inhibitor compared with usual care did not improve the
number of days alive and free of cardiovascular or respiratory
organ support nor did it increase risk of major bleeding [49]. In
the Prevention of Arteriovenous Thrombotic Events in Critically-
ill COVID-19 Patients Trial multifactorial RCT, 290 critically ill
patients with COVID-19 were randomized to clopidogrel versus
usual care until hospital discharge or day 28 [47]. There were no
significant differences in efficacy outcomes or bleeding between
the 2 groups. Updated data of the REMAP-CAP trial have been
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published with follow-up through 180 days for 895 patients in
the platelet domain (initial publication was up to 90 days) [50].
Among critically ill patients with COVID-19 in this study who
were randomized to receive one or more therapeutic in-
terventions, treatment with an antiplatelet had a 95.0% proba-
bility of improved 180-day mortality compared with control; the
posterior probability of superiority was not statistically signifi-
cant. Taken together with negative findings from the RECOVERY
trial, these data do not support routine use of an antiplatelet
agent, and specifically not a P2Y12 inhibitor, in critically ill pa-
tients hospitalized for COVID-19. For patients who are already
on an antiplatelet agent with clear indications, good clinical
practice suggests continuation of antiplatelet therapy if a patient

is hospitalized for COVID-19 [42].

4.4 | Antithrombotic therapy for patients
discharged from hospital (Table 4)

441 | Synopsis

In the 2022 ISTH guidelines [4], a single RCT was available for evalu-
ating postdischarge prophylaxis—rivaroxaban for 30 days—reducing
the risk for thromboembolism in the Medically Il hospitalized patients
for Covid -19 tHrombosis Extended prophylLaxis with rivaroxaban
thErapy trial [56]. Since then, another RCT (ACTIV-4C) compared
prophylactic dose apixaban vs placebo without any apparent differ-
ences between the groups [54]. The study was stopped for low event
rate and declining accrual rate. An important difference between the 2
studies is the selected high-risk population in the Medically Il hospi-
talized patients for Covid -19 tHrombosis Extended prophyLaxis with
rivaroxaban thErapy trial versus the broad patient populationin ACTIV-
4C. Although the ACTIV-4C was inconclusive, together with datafrom a
number of observational studies (Table 5), it demonstrated that the
adverse event rate after discharge is declining and currently so low that
for the vast majority of patients, there is no benefit from postdischarge

prophylaxis with anticoagulants. A small subset of patients at high risk

TABLE 4 Recommendation for patients discharged from hospital.

COR LOE

for thromboembolism, based on previous medical history, elevated D-
dimer, or a high score in the International Medical Prevention Registry
on Venous Thromboembolism risk assessment model [60], should still
be considered for postdischarge prophylaxis. The recommendation was
therefore split in 2: the first for patients in general with no need for
prophylaxis, and the second for a highly selected subset of patients at
high risk for thromboembolism to consider rivaroxaban at a dose of 10
mg daily.

4.4.2 | Recommendation-specific supportive text

13. The ACTIV-4c randomized, double-blind trial compared apixaban
at a prophylactic dose (2.5 mg twice daily) with placebo for 30
days in 1217 patients discharged after hospitalization for COVID-
19 [54]. Recruitment spanned the period of February 2021 to
June 2022, covering the Delta and early Omicron variant waves.
Both event and recruitment rates were lower than expected,
prompting early discontinuation of the trial. Due to low incidence
of the composite endpoint of death or any thromboembolism
(apixaban 2.1%, placebo 2.3%), results were imprecise. In an
observational study using linked databases, rates of serious clin-
ical outcomes in 77 347 patients discharged after hospitalization
for COVID-19 during 2020-2021 were compared with those of
patients discharged after prepandemic pneumonia and with con-
trols [61]. The risk of deep vein thrombosis during the following 5
months was comparable for COVID-19 and non-COVID pneu-
monia, and risk for pulmonary embolism was slightly higher for
COVID-19. The trend of decreasing risk of thromboembolism or
death among patients without thromboprophylaxis postdischarge
is shown in Table 5. Routine postdischarge thromboprophylaxis is
not recommended for patients hospitalized for non-COVID
pneumonia.

14. As the incidence of thromboembolic events in postdischarge pa-
tients has decreased since the onset of COVID-19 pandemic, need
for postdischarge prophylactic anticoagulation is reduced and
should be reserved for those at highest risk [56].

3: No 13. In patients who have been hospitalized for COVID-19 and are not deemed at high risk for complications, routine postdischarge

benefi

prophylactic dose direct oral anticoagulant is not recommended to reduce the risk of death or thromboembolism [54].

NEW: A new randomized controlled trial, together with observational studies demonstrating a trend in decreasing severity of
COVID-19, supports a LOE A recommendation (Section 3.4. in the 2022 ISTH COVID-19 Guideline).

2b B-R 14. In select high-risk patients who have been hospitalized for COVID-19, postdischarge treatment with prophylactic-dose
rivaroxaban for approximately 30 days may be considered to reduce risk of major thromboembolism [55,56].

MODIFIED: “high-risk” has been added to point out the difference from recommendation 13 (Section 3.4. in the 2022 ISTH

COVID-19 Guideline).

Evidence from referenced studies that support recommendations is summarized in online Supplementary Evidence Tables S13 and S14.

COR, class or recommendation; LOE, level of evidence.
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TABLE 5 Rates of thromboembolism and death without thromboprophylaxis during different periods of the COVID-19 pandemic.
Author Study type Study period Follow-up N VTE, % ATE,%  Death, %
Giannis et al. [55]° Registry March to May 2020 3 months 4313 1.55 1.72 4.83
Courtney et al. [57] Observational March to October 2020 35 days 1039 1.3 - -
Li et al. [58]° Observational March to November 2020 3 months 2116 1.6 0.5 3.8
Arachchillage et al. [59] Observational April 2020 to December 2021 3 months 971 0.9 - -
Wang et al. [54] Randomized controlled trial February 2021 to June 2022 30 days® 607  0.82 0.49 1.48

ATE, arterial thromboembolism; VTE, venous thromboembolism.
2 Eighty-nine percent did not receive prophylaxis.

® The result for VTE is in patients without postdischarge anticoagulation (76% of the entire population), whereas results for ATE and death are for the

whole study population.

€ The primary outcome was the event rate at 30 days. By 3 months, the composite outcome of thromboembolism and death had increased from 2.3% to

2.8%.

45 | COVID-19 vaccination and VITT (Table 6)
(New)

451 | Synopsis (New)

There has been substantial hesitance and even resistance against
COVID-19 vaccination in many populations, partly fueled by the
occurrence of very rare side effects, including VITT and myocarditis.
VITT was recognized as a new syndrome following the use of
adenoviral vector-based vaccines for COVID-19. Because of the
similarities between VITT and severe forms of heparin-induced
thrombocytopenia (HIT), treatments that are used to treat severe
HIT and prevent thromboembolism were adopted for VITT, including
anticoagulants and IVIG.

We acknowledge that the AHA rubric that is being applied to
evaluate the level (quality) of evidence was not designed for the
evaluation of diagnostic tests. The use of VITT-associated vaccines
has diminished in high-income countries; however, VITT continues
low-to-middle-income

to be an important consideration for

countries and remains an issue of health equity [72]. Important
knowledge gaps remain, and there is an ongoing need for additional
research, including comparison of multiple assays to clarify the
optimal diagnostic approach. Where resources to perform these
assays are unavailable, the diagnosis of VITT can be established
based on a high degree of suspicion (eg, probable VITT), defined as a
high D-dimer and thrombocytopenia (<150 000/pL) and thrombosis
occurring 5-30 days after vaccination with adenoviral vector-based
vaccine for COVID-19.

Patients with a history of thromboembolism have been
naturally concerned about the risk of recurrent thrombosis after
vaccination. A large observational study in patients with a diagnosed
thrombophilia defect did not show increased risk for thrombosis
during 3 months after almost exclusive use of the messenger RNA
vaccines [62].

The treatment of VITT is complex, which makes the interpretation
of studies that focus on a single agent challenging. Furthermore, as
information about VITT rapidly accumulated, the diagnosis was made
sooner, and the management of the disease changed. There is thus

important confounding in the studies on treatment of VITT. The use of

TABLE 6 Recommendation for patients with COVID-19 vaccination or with vaccine-induced immune thrombotic thrombocytopenia.

COR LOE

3: No
benefit

B-NR 15 For nonhospitalized patients with thrombophilia who receive a COVID-19 vaccine, prophylaxis with anticoagulants or
an antiplatelet agent is not recommended for reducing risk of adverse outcomes [62].

- B-NR 16, For diagnosing patients with suspected VITT, use of antiplatelet factor 4 enzyme immunoassays is recommended [58,63-67].

3: No B-NR 17. For diagnosing patients with suspected VITT, use of rapid heparin-induced thrombocytopenia assays such as particle gel
benefit immunoassay, lateral-flow assay, latex-enhanced immunoturbidimetric assay, or chemiluminescence immunoassay is not
recommended [67].
2a C-LD 18. For patients with VITT, when a nonheparin anticoagulant is unavailable, treatment with UFH or
LMWH is reasonable for reducing risk of adverse outcomes [68-71].
2b C-LD  19. For patients with VITT, treatment with intravenous immune globulin may be considered for reducing risk of death [69-71].

Evidence from referenced studies that support recommendations is summarized in online Supplementary Evidence Tables S15-519.

COR, class or recommendation; LMWH, low-molecular-weight heparin; LOE, level of evidence; UFH, unfractionated; VITT, vaccine-induced immune

thrombotic thrombocytopenia.
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heparins to treat the thrombotic events in VITT was of potential
concern due to similarities between VITT and HIT. In countries with
limited resources, the more expensive nonheparin anticoagulants are
not available. The panel identified 3 studies comparing heparins with
nonheparin agents [69-71] and 1 meta-analysis [68] that rendered
support for the safe use of heparins, although nonheparin anticoag-
ulants might still be preferred.

For the use of IVIG, 3 studies with more than 30 patients were
identified, with 2 demonstrating reduced mortality compared with
usual care [70,71], whereas the largest study did not find a difference
[69]. Therefore, only weak support for the use of IVIG was given in the
recommendation.

452 |
(New)

Recommendation-specific supportive text

15. Based on electronic medical records across the Mayo Clinic en-
terprise, a cohort study of 6067 adults with inherited or acquired
thrombophilia who were vaccinated for COVID-19 examined
acute VTE occurrence in the 90 days before and after the first
vaccine dose [62]. There were 51 and 39 VTE events before and
after vaccination, with no statistically significant difference. No
differences were found when the data were analyzed by throm-
bophilia type (ie, factor V Leiden prothrombin gene mutation or
antiphospholipid syndrome). No data were presented on the
proportion of patients on antithrombotic treatment. The annual-
ized thrombotic event rate during the 90 days before vaccination
was 3.3%, which can be compared with literature data. Systematic
reviews and meta-analyses, including studies of patients with
unprovoked VTE with a high risk of recurrence (similar to those
with thrombophilia and VTE), have shown that with long-term
anticoagulation the incidence of VTE recurrence is 1.4% per
year [73], and after stopping anticoagulation, VTE recurrence is
3.6% per year [74]. Data from this cohort study suggest that the

TABLE 7

Author
Bissola et al. [63]

EIA test

Lifecodes: IgG/A/M-EIA
In-house: PF4 EIA
In-house: PF4/heparin-EIA
Mouta Nunes de Oliveira et al. [65] PF4/heparin IgG ELISA

Favaloro et al. [64]

Lee et al. [75] PF4/heparin 1gG ELISA
Thiele et al. [66]

Uzun et al. [67] Zymutest HIA IgG

Asserachrom HPIA IgG ELISA

Anti-PF4/heparin 1gG ELISA

16.

17.

majority of patients were not on anticoagulation at the time of
VTE recurrence or vaccination.

Six studies were eligible for evaluation of performance char-
acteristics [63-67,75]. Anti-platelet factor 4 (PF4) enzyme im-
munoassays (EIA) have excellent diagnostic accuracy for the
diagnosis of VITT. Prevalence impacts both NPV and PPV.
Based on eligible studies, median NPV of EIA is 1.0 (range, 0.76,
1.0), and median PPV of EIA is 0.86 (range, 0.51, 1.0) (see
Table 7). Therefore, a negative EIA essentially rules out the
diagnosis of VITT unless high clinical suspicion remains [64]. In
cases where there is high clinical suspicion of VITT and EIA
testing is negative, testing using another EIA assay and VITT-
modified functional testing for PF4-related platelet activation
is suggested. A positive EIA correlates well with the presence of
PF4-platelet activating antibodies [63,65-67,75]; thus, a posi-
tive EIA essentially rules in VITT when there is substantial
clinical suspicion.

Only one cohort study of 34 patients with suspected VITT was
eligible for inclusion [67]. A rapid assay for HIT, particle gel
immunoassay, was compared with a modified heparin-induced
platelet aggregation assay as the reference standard. Sensi-
tivity, specificity, PPV, and NPV for particle gel immunoassay
were 0.54, 0.67, 0.54, and 0.61, respectively. Despite limited
evidence comparing rapid HIT assays to the gold standard
(VITT-modified functional testing for PF4-related platelet acti-
vation), indirect evidence demonstrating poor correlation be-
rapid HIT assay and EIA

recommendation against the use of rapid HIT assays for VITT

tween results supports the
diagnosis. Rapid HIT assays are not sensitive for VITT and are
likely to yield false negative results [67]. VITT antibodies bind to
PF4 alone with variable reactivity against the PF4-heparin
complex. The reduced sensitivity of the rapid assays for VITT
compared with HIT may be due to competition between heparin
and VITT antibodies for the heparin-binding site on PF4 or the

lack of competition between KKO (a mouse monoclonal that

Performance characteristics of enzyme immunoassays for vaccine-induced immune thrombotic thrombocytopenia.

Sensitivity Specificity NPV PPV
1.0 0.96 1.0 0.90
1.0 0.97 1.0 0.92
1.0 0.97 1.0 0.94
1.0 1.0 1.0 1.0

0.67 0.82 0.76 0.74
0.64 0.76 0.82 0.55
0.85 0.65 0.91 0.51
1.0 0.83 1.0 0.85
1.0 0.80 1.0 0.95
1.0 0.87 1.0 0.90

Anti-PF4, antiplatelet factor 4; EIA, enzyme immunoassay; HIA, heparin induced antibodies; HPIA, heparin platelet induced antibodies; I1gG,

immunoglobulin G; NPV, negative predictive value; PPV, positive predictive value.
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resembles HIT antibodies) and VITT antibodies, which is
essential for proper assay functioning in the case of latex-
enhanced immunoturbidimetric assay. Thus, rapid HIT assays
are not useful for VITT diagnosis and are potentially harmful
when used as a stand-alone diagnostic test for VITT because
they may delay initiation of treatment for this life-threatening
condition. However, the evidence for harm is indirect and of
low quality in the absence of reliable clinical data.

An international prospective registry of patients with definite
VITT and cerebral vein thrombosis compared treatment with
nonheparin anticoagulants (n = 51) with heparin (n = 35) [71].
There was no difference in mortality or new VTE between groups.
In a prospective cohort study of 170 cases of definite VITT and 50
cases of probable VITT, 150 patients were treated with non-
heparin anticoagulants, and 50 received a heparin at some point
during their hospital admission [69]. Mortality was numerically
higher in patients who received heparin, but the difference was
not statistically significant. In a multicenter, retrospective analysis
of patients with cerebral venous thrombosis and definite or
probable VITT, data on clinical characteristics, laboratory results,
treatments, and outcomes were collected [70]. Death or depen-
dence (modified Rankin score 3-6) occurred in 8 of 16 treated
with UFH or LMWH, in 18 of 50 with a nonheparin anticoagulant
and 4 of 22 treated with a DOAC, with none of the differences
being statistically significant. A meta-analysis including 2 of the
above-mentioned studies [69,70] and an additional study showed
no difference in mortality between patients treated with heparin
and those receiving a nonheparin anticoagulant (19% vs 17%) [68].
Given the small number of total patients, nonrandomized use of
anticoagulants, confounding by use of other treatments, and
change in mortality over time with the evolution in understanding
and treatment of VITT, use of a heparin anticoagulant is reason-
able if nonheparin anticoagulants are unavailable.

An international prospective registry of patients with definite
VITT and cerebral vein thrombosis compared treatment with
immunomodulation (n = 65) with no immunomodulation (n = 34)
[71]. Immunomodulation was used in 94% of cases with IVIG.
Mortality was significantly lower with immunomodulation, but
there was no difference in risk of new VTE between the treatment
groups. In a prospective cohort study of 170 cases of definite VITT
and 50 cases of probable VITT, 159 were treated with IVIG, and
61 were not; overall, 72% of these 220 patients were treated with
IVIG [69]. Mortality was similar in the 2 groups. In a multicenter,
retrospective analysis of patients with cerebral venous thrombosis
and VITT, data on clinical characteristics, laboratory results,
treatments, and outcomes were collected [70]. Death or depen-
dence (modified Rankin score 3-6) occurred in 22 of 55 treated
with IVIG and in 11 of 15 not treated with IVIG. Although authors
of some of these studies noted that patients treated with IVIG had
a trend toward fewer deaths compared with those not treated
with IVIG, sample sizes were too small for robust comparisons.
Based on the small number of patients, nonrandomized adminis-

tration of IVIG, and confounding by simultaneous use of

jth--=
anticoagulation, use of high-dose IVIG may be considered in the
treatment of VITT.

5 | DISCUSSION

During the 4 years of the COVID-19 pandemic, the disease panorama
has changed substantially due to the emergence of new, dominant
virus variants with differences in transmissibility and severity of dis-
ease and improved herd immunity. Many patients are now hospital-
ized for other reasons and have concomitant COVID-19 or contract it
during the hospitalization. Our recommendations may not be gener-
alizable for such cases since the studies mainly included patients
hospitalized for COVID-19. Although more than 16 new RCTs on
antithrombotic treatment for patients with COVID-19 were published
since the 2022 ISTH guidelines, it is important to note that several of
them were discontinued prematurely due to accrual problems.
Nevertheless, the totality of evidence rendered support for an up-
grade of LOE for 5 recommendations. Two recommendations were
added for the nonhospitalized and postdischarge patients. For the
vaccine and VITT section of the initially raised questions, 2 were
combined (anticoagulation prophylaxis for patients with thrombophilia
and antiplatelet prophylaxis for the same group), 1 was considered
already answered (anticoagulation prophylaxis for the general popu-
lation since not needed in persons with thrombophilia), and 2 had
insufficient or low-quality evidence (use of plasma exchange, ritux-
imab or other agents for severe VITT, or subsequent messenger RNA
vaccine for patients who had VITT). Any of these questions might be
addressed in a future ISTH Guidance document. Two recommenda-
tions discuss use of specific DOACs (recommendation 9 - apixaban
and recommendation 14 - rivaroxaban), as no data for other DOACs
were available demonstrating a favorable risk/benefit ratio for the
respective indication. Differences in properties between DOACs, such
as protein binding, metabolism, renal elimination, drug interactions,
dosing regimens, and possibly bleeding risk, preclude generalization of
these recommendations to include all DOACs. As opposed to the 2022
ISTH guidelines, there are no accompanying Good Practice State-

ments since very little has changed in that part.

6 | CONCLUSION

The treatment recommendations for COVID-19 are summarized in
Figure 2. The recommendations for vaccination and VITT are sum-

marized in Figure 3.
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