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Background: Thrombosis is reported to occur more often among patients with

Systemic inflammatory biomarkers may be associated with venous thromboembo-
Handling Editor: Dr Cihan Ay lism (VTE) risk. The ISTH subcommittee on Predictive and Diagnostic Variables in
Thrombotic Disease aimed to report the evidence on prognostic biomarkers for VTE
in hospitalized patients with COVID-19.

Methods: Using a standardized Preferred Reporting Items for Systematic Reviews and
Meta-analysis methodology, we conducted a systematic literature review to identify
studies reporting prognostic biomarkers for VTE among hospitalized patients with
COVID-19. Eligible studies included adults hospitalized with COVID-19 and reported
the prognostic associations between any biomarker measured on admission, and the

subsequent diagnosis of deep vein thrombosis or pulmonary embolism. Two authors
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reviewed titles and abstracts, and three authors extracted study data and performed
review of bias. Results were displayed descriptively. Meta-analysis was not possible.
Results: From the initial 196 identified studies, full-text review was performed for 72
studies. Admission D-dimer levels were associated with VTE during hospitalization
in five studies, and elevated platelet count was associated with VTE during hospi-
talization in one study. The risk of bias ranged from low to high for included studies.
Overall, there was a paucity of high-quality prognostic studies. Studies on other bio-
markers did not meet the systematic review inclusion criteria.

Conclusions: Admission D-dimer was associated with VTE diagnosis during hospi-
talization for COVID-19; however, prospective validation of this finding is needed to

identify optimal D-dimer thresholds to guide VTE prophylaxis measures.

COVID-19, D-dimer, prognostic biomarkers, venous thromboembolism, VTE

e Prognostic biomarkers may predict venous thromboembolism (VTE) in hospitalized patients with COVID-19.

o We performed a systematic review to report prognostic biomarkers for VTE in hospitalized adults.

o Few low-quality studies suggested D-dimer drawn on admission may predict diagnosis later of VTE.

e More research is needed before biomarkers are used to stratify the risk of VTE in these patients.

1 | BACKGROUND

The severe acute respiratory syndrome coronavirus 2 infec-
tion (COVID-19) was identified in December 2019, and the World
Health Organization declared a pandemic in March 2020.* The risk
of venous thromboembolism (VTE) in hospitalized patients with
COVID-19 infection is increased compared to other viral pneumonia
or acute respiratory distress syndrome illness.?® Reports of COVID-
19-associated VTE incidence have varied considerably with initial
Chinese reports of VTE in up to 40% of hospitalized patients.”*°
Subsequently, it was recognized that the real incidence of VTE is
closer to 20% in intensive care unit (ICU) patientss’11 and less than
10% in patients admitted on the medical wards.’?*% The control
arms of the randomized trials assessing different anticoagulant dos-
ing regimens have reported VTE rates between 4% and 9% of hos-
pitalized patients.*?>**

Because of the perceived high risk of COVID-19-associated VTE,
many centers started to prescribe anticoagulants at higher intensity
for VTE prevention in patients hospitalized with acute COVID-19.
Given the bleeding risks associated with anticoagulation, identifica-
tion of patients at increased risk of VTE could enable targeted anti-
coagulation for those with the highest benefit-risk ratio.

There have been many reported associations between inflam-
matory biomarkers and both COVID-19 mortality*>™*” and VTE.20-28
Among these biomarkers, D-dimer, a product of fibrin degradation, is
an indirect marker of thrombin generation and is also raised in acute

inflammatory states. Many studies have reviewed the association

between D-dimer blood concentration and COVID-19-associated
VTE diagnoses, however, most have been retrospective analyses of
administrative data, introducing the potential for confounding.

The ISTH Standardization Subcommittee on Predictive and
Diagnostic Variables convened with the aim of performing a sys-
tematic review and descriptive analysis to report the evidence on
the prognostic biomarkers for identifying hospitalized patients with
COVID-19 at higher risk of developing VTE.

2 | METHODS

The methodology of this study was presented at the 2021 ISTH con-
gress, Philadelphia, Pennsylvania.24 This systematic review and descrip-
tive analysis was performed in adherence with the Preferred Reporting
Items for Systematic Reviews and Meta-analysis statement.?® The
study protocol was published on the international prospective registry
of systematic reviews (registered March 25, 2021, CRD42021245249;
www.crd.york.ac.uk). We searched for studies reporting the prognos-
tic association between any biomarker measured at hospitalization
in patients with COVID-19 and the subsequent future diagnosis of
VTE. We searched PubMed including combinations of MeSH terms
and title/abstract terms, which included MEDLINE records, PubMed
Central records, and the NCBI Bookshelf for studies in all languages
until March 18, 2021. The search strings are available in Appendix S1.
This study was approved by uthe Intermountain Healthcare ethics re-
view board. This research was conducted in accordance.
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2.1 | Study eligibility and review
Inclusion criteria were studies including hospitalized adult patients with
a confirmatory laboratory test for COVID-19, or an agreed-upon de-
fined clinical diagnosis such as findings characteristic for COVID-19
on computed tomography (CT) pulmonary angiography in the proper
clinical setting. Studies had to report VTE during follow-up as the pri-
mary outcome. To be included, the study had to report proximal lower
limb deep vein thrombosis (DVT) and/or pulmonary embolism (PE) by
objective testing. Studies had to measure the biomarker of interest on
hospital admission. Studies reporting exclusively on unusual-site throm-
boses, isolated distal DVT, catheter-associated DVT, or arterial throm-
bosis were excluded. We excluded studies with fewer than 50 patients
to avoid inclusion of anomalous results. Diagnostic studies where bio-
markers were tested as part of investigation for VTE were excluded.
Titles and abstracts were independently reviewed by two au-
thors using the online program Covidence. If either author indicated
that the publication should be reviewed further, the publication un-
derwent full-text review. Three authors performed full-text review,
and disagreements were resolved by discussion and consensus.
When relevant information was missing (e.g., the timing of biomarker

testing), the paper was excluded.

2.2 | Data extraction

Included studies underwent systematic data extraction into a stand-
ardized data capture tool by three authors who performed this task
independently. Data extraction included first author name, country of
origin, ICU versus hospital ward, single hospital versus multiple hospi-
tal, follow-up duration, timing of biomarker acquisition, study design,
use of thromboprophylaxis, population age and sex distribution, VTE
outcome type (DVT vs. PE vs. both), biomarker (including manufacturer)

and the reported study results (extracted as reported in the publication).

2.3 | Quality assessment

Risk of bias for selected studies was assessed using the Quality in
Prognosis Studies risk-of-bias assessment instrument for prognostic
factor studies (modified from Hayden et al.).2° The six risk-of-bias do-
mains were study participation, study attrition, prognostic factor meas-
urement, outcome measurement, study confounding, and statistical
analysis and reporting. Studies were rated for each domain (yes, no, par-
tial, unsure), and ultimately a risk of bias characterized as low, moderate,
or high. Each study was independently assessed by three co-authors for
risk of bias, and any disagreement was resolved upon discussion.

2.4 | Analysis

While the initial study design included meta-analysis, an early de-
termination of the number and quality of included studies led to a
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descriptive analysis only. Results were reported as presented by the
study authors, and note was made whether associations were ad-

justed for other prognostic factors.

3 | RESULTS

We identified 196 studies in our search, of which 124 were excluded
upon review of the title and abstract. Seventy-two publications were
selected for full-text review,®2%278% including 13%""%° identified by
experts in the field. Reasons for study exclusions are presented in
Figure 1, the most common included being a diagnostic, not prog-
nostic, study (n = 24), biomarker timing not specified (n = 11), and
fewer than 50 subjects enrolled (n = 11). Study characteristics of
included studies are found in Table 1.

Among the studies that met the inclusion criteria, Middeldorp
etal.”was a single hospital retrospective study in the Netherlands
that enrolled adult patients who were COVID-19 positive, ad-
mitted from the onset of the pandemic until April 22, 2020.
Pharmacologic VTE chemoprophylaxis was administered to 84%.
Patients were followed until the time of death or discharge or April
30, 2020, whichever occurred first. Testing for VTE was initially
conducted at the discretion of the treating physician. However,
during the study period, screening with proximal lower limb ve-
nous compression ultrasonography (CUS) was variably imple-
mented in the ICU. When it was determined that the study would
end on April 30, 2020, lower limb proximal CUS was uniformly
performed among all hospitalized medical ward patients on April
20, 2020. Among the 198 patients (75 ICU, 123 medical ward), 39
thromboembolic events occurred, including 13 PEs, and 26 DVTs
(14 proximal DVTs, 11 distal DVTs, and 1 upper extremity DVT).
The VTE event rate was 19.7%, and 6.6% of patients experienced
PE. D-dimer was the only prognostic biomarker that was collected
within 72 h of admission. The median D-dimer value for all patients
at baseline was 1.1 mg/L (95% confidence interval [CI], 0.7-2.3)
and 2.0 (95% Cl, 0.8-8.1) among ICU patients compared with 1.1
(95% Cl, 0.7-1.6) among ward patients. D-dimer association with
VTE was reported as a hazard ratio in a competing risk regres-
sion model. The median D-dimer was 2.6 mg/L (95% Cl, 1.1-18)
among patients with VTE compared to 1.0 mg/L (95% Cl, 0.7-1.7)
among those without VTE. Following multivariate adjustment for
age, sex, and ICU admission, the hazard ratio for VTE was 1.4 (95%
Cl, 1.1-1.9).

Artifoni et al.”® reported a multicenter retrospective French
study that enrolled adult patients who were COVID-19 positive or
those with a typical COVID-19 pattern on chest CT admitted to the
medical ward in two French hospitals between March 25 and April
10, 2020.

Pharmacologic VTE chemoprophylaxis was administered to 99%.
Patients were followed until the time of death or discharge. All pa-
tients had a standardized systematic lower-limb CUS screening for
DVT at hospital discharge or earlier if DVT was clinically suspected.
The VTE event rate was 22.5%, and 10% of patients experienced
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FIGURE 1 Consort diagram of included
13_ 18? studies
studies studies
identified by identified by
extended systematic
review review
g 124
" excluded upon title & abstract screening
h 4
72
Full-text 67
reviews excluded upon full-text review
Reasons for exclusion
Diagnostic (not prognostic) study 24
Fewerthan 50 subjects 11
No timing of biomarker collection 11
al VTE “+” and VTE “-” population not defined 6
VTE not primary outcome 4
COVID without definition of testing 3
Arterial thrombosis outcome 3
Non-COVID population 3
\ 4 Ambulatory patientsonly 1
5 Unusual site thrombosis 1
met inclusion
criteria for data
extraction
TABLE 1 Included studies and select study characteristics reporting biomarkers predictive of VTE
Study/Country Number of Multivariate  Increased risk
of origin subjects Study dates Location Age"’b/%male Biomarker adjustment?  for VTE
Artifoni/France 71 Mar 25, 2020-Apr 10, 2020 Wards and ICU 64°/61 D-dimer No Yes
Bilalogiu/USA 3334 Mar 1, 2020-Apr 17, 2020 Wards and ICU 642/60 D-dimer Yes Yes
Maatman/USA 109 Mar 12, 2020-Mar 31, 2020 ICU 61%/57 D-dimer No Yes
Increased No Yes
platelets
Middeldorp/ 198 Jan 1, 2020-Apr 22, 2020 Wards and ICU 61°/66 D-dimer Yes Yes
Netherlands
Trimaille/France 289 Feb 25,2020-Apr 19, 2020 Wards 62%/59 D-dimer No Yes
Increased WBC  Yes Yes

Abbreviations: CRP, C-reactive protein; ICU, intensive care unit; VTE, venous thromboembolism; WBC, white blood cell count.

Mean.
®Median.

PE. Among the 71 patients, 16 thromboembolic events occurred in-
cluding 7 PEs and 9 DVTs (7 were isolated distal DVT). D-dimer was
drawn upon admission in 65 of the 71 patients. The median D-dimer
for all patients at baseline was 0.79 mg/L (95% Cl, 0.48-1.61mg/L).
The median D-dimer was significantly higher, at 1.63mg/L (95% ClI,
0.86-4.94) among patients with VTE compared to 0.67 mg/L (95%

Cl, 0.45-1.12) among those without VTE. No multivariable adjust-
ment analysis was performed.

Bilaloglu et al.”? reported a retrospective study among sputum
or nasopharyngeal-, or oropharyngeal-swabbed adult patients who
were COVID-19 positive and admitted to a US medical ward or ICU
between March 1 and April 17, 2020. “Low-dose” pharmacologic
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VTE chemoprophylaxis was administered “in most patients.” Patients
were followed until the time of death, discharge, or end of study.
VTE assessment occurred at the discretion of the physician during
routine clinical care, and natural language processing was used to in-
terrogate the electronic health record to identify thrombotic events
with findings confirmed upon manual chart review. Among the 3334
patients, there were 207 VTE events (6.2%), with 106 (3.2%) of pa-
tients with PE, and 129 (3.9%) with DVT. Following multivariable
adjustment, higher D-dimer levels at hospital presentation were as-
sociated with a VTE.

Trimaille et al.” reported a nine-hospital retrospective study
in France among consecutive adults with COVID-19 with either a
positive nasopharyngeal swab or typical findings of COVID-19 at
chest CT admitted to the medical ward or ICU between February
25 and April 19, 2020. Standard preventive thromboprophylaxis was
administered to some (however, the percentage was not reported).
Patients were followed until the time of death, discharge, or end of
study. VTE assessment occurred at the discretion of the physician
during routine clinical care. Among the 289 patients, there were 49
VTE events (17.6%), with 42 PEs, 12 DVTs, and 3 cerebral venous
sinus thromboses. Following univariable adjustment, D-dimer at
hospital admission was associated with VTE. Following multivariable
adjustment, increased leukocyte count was associated with VTE.

Maatman et al.®’

reported a three-hospital retrospective
US study among consecutive adults with laboratory-confirmed
COVID-19 admitted to the ICU between March 12 and March 31,
2020. One hundred percent of patients received standard chemo-
prophylaxis. Patients were followed until the time of death, dis-
charge, or May 6, 2020. VTE assessment occurred at the discretion
of the physician during routine clinical care. Among the 109 patients,
there were 31 VTE events (28%), with 26 having DVT, 4 having DVT/
PE, and 1 PE alone. Following univariable adjustment, D-dimer and
elevated platelet count at hospital admission was associated with
VTE. Neutrophil : lymphocyte ratio, lactate dehydrogenase, C-
reactive protein, and fibrinogen level were not.

Risk of bias for each study is reported in Table 2.

4 | DISCUSSION

We conducted this systematic review to assess the prognostic as-
sociation between admission biomarkers and subsequent diagnosis
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of VTE among patients hospitalized for COVID-19. Despite the high
number of studies drawing conclusions on the prognostic value of D-
dimer and other biomarkers for VTE, few met our inclusion criteria.
The evidence to date suggests that D-dimer may be predictive of
future VTE diagnosis during hospitalization for COVID-19, although
inadequate evidence exists to refute possible candidate biomark-
ers, including white blood cell count and platelet count, among
others. There are recent international randomized trials comparing
the effectiveness of prophylactic-dose to treatment-dose antico-
agulation among patients who are moderately or severely ill with
COVID-19.121* These trials provide additional indirect evidence
that D-dimer levels are associated with the risk of VTE during hos-
pitalization. For example, the VTE rate was 2.5% in the control arm
of one study enrolling patients with COVID-19 with D-dimer level

above the manufacturer-recommended cutoﬁ’,12

compared to 15%
symptomatic DVT and 8% symptomatic PE in another study enroll-
ing patients with COVID-19 with D-dimer more than four times the
manufacturer-recommended cutoff.*

Our most important finding was a general low quality of evi-
dence among published studies. Of those included studies, only one
was prospectively conducted, and risk-of-bias scores ranged from
low to high risk of bias. All studies had been truncated and termi-
nated data collection within 3months of the pandemic start. No
study followed the entire cohort to a predetermined time end point;
rather, each study was stopped at a set date. Inter- and intrastudy
variability existed in outcome measurement. Two main methodolog-
ical limitations were observed among the excluded studies. The first
limitation was a great heterogeneity among studies regarding the
measured VTE outcome and the lack of a clear VTE definition and
including diagnostic criteria. The second major limitation was the
absence of information on the timing of biomarker measurement in
many studies, precluding any conclusion on their prognostic rather
than diagnostic usefulness. For prognostic assessment, a biomarker
should be measured at a time VTE is neither suspected nor already
diagnosed.

The main limitations of our systematic review are the low num-
ber of studies that met inclusion criteria and the uncertain heteroge-
neity of aspects that permitted inclusion (e.g., D-dimer assay used,
interstudy variability in ultrasound technology and technique) that
inform outcome measurement. It is unknown whether any biomark-
ers studied early in the pandemic will be relevant to subsequent
variants of the virus that may have different clinical manifestations.

TABLE 2 Quality in Prognosis Studies risk-of-bias assessment of selected studies rating of risk of bias for included studies

Artifoni Middeldorp Bilalogiu Maatman Trimaille
Study participation Moderate Moderate Moderate Moderate Low
Study attrition High Moderate High High High
Prognostic factor management High Low Moderate Moderate Moderate
Outcome measurement Moderate Low High Low Moderate
Study confounding High High High High Moderate
Statistical analysis and reporting Moderate Moderate Moderate Moderate Moderate

Note: Green: Low risk of bias; Yellow: Moderate risk of bias; Red: High risk of bias.
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Limited data reporting from the individual does not permit analysis
of any impact that race, ethnicity, and social determinants of health
have on the outcomes. Despite the plenitude of published studies,
few met the rigorous inclusion criteria, demonstrating the paucity of
high-quality studies published. We did not contact study authors to
obtain further details on inclusion criteria such as biomarker timing
and outcome definition. One of the studies that met the inclusion
criteria described biomarkers upon admission as being acquired
within the first 72h. However, VTE was reported during those first
72h such that uncertainty exists that these biomarkers could be
interpreted as predictive and not diagnostic. We do not know the
timing of D-dimer measurement in relationship to when VTE che-
moprophylaxis was administered. Strengths of this report include
that we considered studies for which the diagnosis of COVID-19 was
confirmed according to current widely accepted laboratory and/or
imaging criteria. The VTE outcome definition used was restricted to
clinically relevant objectively diagnosed DVT and PE. We included
studies reporting the timing of biomarker ascertainment so as to
identify prognostic rather than diagnostic associations between bio-
markers and VTE.

To our knowledge, our work represents the first systematic re-
view reporting the prognostic value of biomarkers for VTE among
hospitalized patients with COVID-19. We concluded that admission
D-dimer may be associated with VTE diagnosis during hospital admis-
sion for COVID-19; however, prospective validation of this finding is
needed to identify optimal D-dimer thresholds to guide VTE prophy-
laxis measures. Furthermore, at present there is a lack of evidence on
alternative prognostic biomarkers for VTE. The quality of the studies
performed and the extant literature to date is inadequate for us to
endorse any biomarker to be adopted into routine clinical care to pre-
dict VTE among patients admitted to a hospital with COVID-19 at
this time.
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