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RECOMMENDATION

We suggest the use of D-dimer to guide anticoagulation of adult patients with COVID-19,
because of its significant association with mortality, thromboembolism, and worsening of
disease (Low quality of evidence; Conditional recommendation).

Consensus Issues

Due to the varied cut-off values used in the included studies for this review, the recommendation
did not include a specific cut-off value of D-dimer to predict mortality, thromboembolism and
worsening severity of disease. Further, the laboratories in the Philippines also make use of
varying cut-offs due to the different assays and machines used, hence, it is difficult to define a
specific cut-off value.

Key Findings

We found a total of 29 observational studies on the association between D-dimer and the
outcomes of mortality, worsening severity, or thromboembolism. In general, the included studies
showed increased odds of in-hospital mortality (OR 5.57 [95% CI 2.74, 11.31), worsening severity
(critical illness (OR 1.91-2.58); disease progression (HR 2.84 [95% CI 2.10, 3.85]), or need for
mechanical ventilation (HR 3.28 [95% CI 1.07, 10.10])), and thromboembolism (OR 5.61 [95%
Cl 3.97, 7.94]), with higher D-dimer levels across different COVID-19 severities. However, most
studies yielded imprecise effect measures, due to the small number of event outcomes. Most of
the studies were found to have serious risk of bias, with issues on data censoring, incomplete
laboratory data, and unclear adequacy of follow-up rates. Differences in D-dimer cut-offs,
definitions of critical illness and disease progression, and severities of COVID-19 in the study
population contributed to the heterogeneity across studies. While the predictive ability of D-dimer
for mortality appeared to be fair to good, prediction of worsening severity or progression of disease
is inconsistent.

Introduction

Thromboembolic manifestations are reported in COVID-19 patients, resulting in increased
morbidity and mortality. Mechanisms of coagulopathy in COVID-19 include endothelial
dysfunction resulting in excessive thrombin formation and decreased fibrinolysis, hypoxemia, and
hyperinflammatory state leading to increased blood viscosity and unstable hemostasis.

SARS-CoV-2 infection has been associated with an increase in coagulation markers such as
fibrin, fibrin degradation products, fibrinogen, and D-dimer. Several studies have shown
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association of D-dimer with thromboembolic events, severity of COVID-19, and mortality [1-3]. In
a recent meta-analysis, D-dimer level higher than 500 or 1000 ng/mL was associated with higher
risk of mortality [OR 4.81 (3.15-7.34)] and severe COVID-19 [OR 3.27 (2.46-4.36)] [4]. However,
this systematic review did not apply restrictions in the selection of studies and included even those
without multivariate analysis.

Review Methods

The MEDLINE, Cochrane Library, Cornell Open Access Publication (COAP), MedRxIV, and
BioRxIV databases were searched for published articles and preprints using the search strategy
for COVID-19, as well as the terms “D-dimer” or “D dimer”. Electronic search of the article
references was also done. Inclusion criteria were as follows: (1) population: hospitalized adults
with SARS-CoV-2 infection, (2) intervention: D-dimer level, (3) outcome: mortality, worsening
severity (defined as progression from the current COVID-19 category to a more severe one), ICU
admission, or need for mechanical ventilation), or thromboembolism; and (4) cohort studies,
randomized controlled trials (RCT), and/or systematic reviews with or without meta-analyses of
RCTs or observational studies. Studies without multivariate analysis and d-dimer cut-offs, as well
as case reports, case series, and observational studies without control groups were excluded.

Results

We examined the utility of D-dimer for the three outcomes, namely mortality, worsening severity,
and thromboembolism. Seven studies specified the assay method used for D-dimer
measurement. Among these methods are immunoturbidimetric assay [12], high-sensitivity latex
dimer assay using 3.2% citrated plasma [22,25], latex-enhanced photometrics immunoassay [24],
and a quantitative D-dimer assay with a threshold of 500 ng/mL [7,8,15].

Mortality

We included ten studies: nine cohort studies [2,5-9,11,28,34] and one case-control study [12]
reporting on the outcome of mortality (Table 1). Five were done in China, three in the USA, and
two in Spain.

Eight studies looked at inpatients with COVID-19 in general [2,6-9,11-12,28,34]. One study
included in patients with severe or critical COVID-19 who were admitted to the intensive care unit

[5].

Table 1. Characteristics of included studies (n=10) with mortality outcomes.

Characteristic Number of Studies Studies
Study Design

Prospective cohort 1 [11]
Retrospective cohort 8 [2,5-9,28,34]
Case-control study 1 [12]
Country

China 5 [2,5,6,9,12]
USA 3 [7,28,34]
Spain 2 [8,11]
Number of Centers

1 5 [2,5,8,12,28]
2 2 [6,9]

>2 3 [7,11,34]
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Characteristic Number of Studies Studies
Study Population

All admitted patients 9 [2,6-9,11-12,28,34]
Severe and/or critical patients only 1 [5]

D-dimer cutoffs for analysis (ng/mL)

500 2 [6,11]

1000 3 [7,9,12]

1112 1 [2]

1500 1 [8]

2000 2 [5,34]

3000 2 [28,34]
Timing of D-dimer

Admission 6 [2,6,8-9,12,34]
Initial clinical evaluation 1 [7]

Baseline 1 [11]

ICU admission 1 (5]

Peak 1 [28]

Outcome measure

Adjusted OR 6 [6-7,9,11-12,34]
Adjusted HR 3 [2,5,8]

AUC 3 [2,8,12]

Pooled results from five studies that reported on in-hospital mortality among COVID-19 patients
regardless of severity showed increased odds of in-hospital mortality with D-dimer levels above
500 ng/mL (OR 5.33 [95% CI 2.85, 9.97]) (Figure 1) [6,7,9,11,12]. The study by Alabyad et al.
that found no significant association between D-dimer and mortality could not be included in the
forest plot due to the unavailability of both the actual OR and raw data for OR computation [34].

Three retrospective cohort studies reporting hazard ratios showed increased risk of in-hospital
mortality, 30-day all-cause mortality, and in-ICU mortality with admission D-dimer levels ranging
from 1112 to 2000 ng/mL among patients with COVID-19, regardless of disease severity [2,5,8].
Two of these studies found that admission D-dimer levels above 1,500 ng/mL already conferred
an almost fourfold increase in in-ICU death 14 days from admission (HR 3.600 [95% CI 1.46-
8.91]), and that patients with levels above 2000 ng/mL had 22% higher risk of in-hospital death
(HR 22.4 [95% CI 2.86, 175.7]). [5,31] In the study of Peiro et al., a slightly lower D-dimer cut-off
of 1112 ng/mL had almost the same effect on 30-day in-hospital mortality (HR 3.35 [95% CI 1.58,
7.13]) [8]. Creel-Bulos and colleagues, who used peak D-dimer levels (the maximum level of D-
dimer throughout hospitalization), also found that patients with values peaking at higher than 3000
ng/mL had almost five times greater risk of in-hospital death (OR 4.847 [95% CI 0.933, 25.167])
[28].

For the prediction of in-hospital mortality, a D-dimer cut-off level of 2000 ng/mL was shown to
have good sensitivity (88.2%-92.3%) and specificity (71.3%-82.2%), with areas under the curve
ranging from 0.85 to 0.89 indicating good discriminatory ability [2,12]. However, this cut-off has
not been externally validated.

Worsening severity
All six studies on the association between baseline or admission levels of D-dimer and worsening
severity were retrospective cohort studies [3,7,13-14,27,34] (Table 2). Four studies investigated
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patients with COVID-19 in general [7,14,34,36], while the other two studies included patients with
mild COVID-19 [13] and non-severe COVID-19 (defined as stable patients without dyspnea or
desaturation, or those whose status improved) [3]. These studies used different outcome
definitions and D-dimer cut-offs that ranged from 140 ng/mL [3] to 23000 ng/mL [34].

Disease progression

Regarding disease progression, which referred to the development of a more severe stage of
COVID-19, Cen and co-authors found that patients with mild COVID-19 had a threefold higher
risk of progression to severe illness, critical illness, or death if their D-dimer levels were at least
500 ng/mL (HR 2.85 [95% CI 2.10, 3.85]) [13].

Critical illness

Two studies had varying definitions of “critical illness” that included different combinations of
respiratory distress or failure, need for mechanical ventilation, and ICU admission [7, 14]. The
odds of critical illness was two to three times higher among patients with D-dimer levels above
660 ng/mL (OR 1.911 [95% CI 1.050, 3.478]) [14] or 1000 ng/mL (OR 2.58 [95% CI 1.57,4.24])

[7].

Need for mechanical ventilation

One study showed that adults with COVID-19 and d-dimer levels of more than 1500 ng/mL had a
three-fold higher risk of needing mechanical ventilation (HR 3.28 [95% CI 1.07, 10.10]) [27].
The study by Alabyad et al. stated that D-dimer was not found to be associated with either ICU
admission or intubation, but also did not report the ORs or the raw numbers [34].

Table 2. Characteristics of included studies (n=6) with disease progression outcomes.

Characteristic Number of Studies Studies
Study Design

Retrospective cohort 6 [3,7,13-14,27,34]
Number of Centers

1 1 [14]

2 1 [3]

>2 4 [7,13,27,34]
Country

China 4 [3,13-14,27]
USA 2 [7,34]
Study Population

All admitted patients 4 [7,14,27,34]
Mild/nonsevere only 2 [3,13]
D-dimer cutoffs for analysis (ng/ml)

140 1 [14]

500 1 [13]

660 1 [3]

1000 1 [7]

1500 1 [27]

2000 1 [34]

3000 1 [34]

Timing of D-dimer

Admission 4 [3,14,27,34]
Baseline 1 [13]
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Characteristic Number of Studies Studies

Initial clinical evaluation 1 [7]

Outcome measure

Adjusted OR 4 [7,14,27,34]
Adjusted HR 2 [13,27]
AUC 2 [3,14]

The discriminative ability of d-dimer to predict worsening severity was determined in two studies,
but the results appear inconsistent [3,14]. In terms of progression from non-severe to severe
COVID-19, a D-dimer cut-off of 140 ng/mL was shown to have poor discriminative ability (AUC
0.64, 95% CI 0.57-0.70), with good sensitivity (88%) but poor specificity (39%) [3]. For the
development of critical iliness (defined as a composite of acute respiratory distress syndrome,
ICU admission, or death), a higher d-dimer cut-off of 660 ng/mL showed good ability to
discriminate patients who will develop the outcome from those who will not (AUC 0.873 (95% ClI
0.806, 0.923, p<0.0001), with a good balance of sensitivity (82.35%) and specificity (81.75%) [14].

Thromboembolism

We included 14 observational studies on the relationship between D-dimer and thrombosis in
COVID-19 (Table 3). Most of the studies were single-center retrospective cohorts from Europe
and the USA and included COVID-19 patients of varying severity. The subjects in all studies were
given prophylactic and/or therapeutic anticoagulation even prior to diagnosis of thrombosis. Most
studies had repeated determinations of D-dimer but the admission value was the basis of analysis
in six of these studies [1,7,21, 23,24,25].

Table 3. Characteristics of included studies (n=14) with thromboembolic outcomes.

Characteristic Number of | Studies
Studies
Study Design
Prospective cohort 3 [1,15,19]
Retrospective cohort 10 [7,16-17,18,20-23,25-26]
Cross-sectional study 1 [24]
Country
China 1 [24]
USA 6 [7,18, 22-23,26-27]
Europe 7 [1,15-17,19,20-21]

Number of Centers

1 11 [1,15-17,18-19,21-23,24,26]
>2 3 [7,20,25]

Study Population

All admitted 11 [1,7,15-17,18,21,22,24,26]
Non-ICU only 1 [19]

Critically ill or mechanically ventilated only 1 [20]

Nonmechanically ventilated and non-expired 1 [23]

D-dimer cutoffs for analysis (ng/ml)

500 1 [24]

956 1 [15]

1000 4 [1,20,23,24]

1500 1 [26]
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Characteristic Number of | Studies
Studies
2000 3 [22,23,25]
2500 1 [7]
2590 1 [17]
3000 2 [22,25]
5000 2 [20,23]
6000 2 [1,16]
10,000 1 [20]
15,000 1 [20]
Timing of D-dimer
Admission 6 [1,7,15,17,23,25]
Mixed (Admission and during hospitalization) 1 [21]
Not mentioned 6 [16,19,20,22,24,26]
Within 24-48hr of DVT imaging/nearest to the time DVT UTZ 1 [18]
Performance of Imaging Procedure
With suspicion of thrombosis (at risk, symptomatic) 11 [1,7, 16-17, 18,20-23,25-26]
Routine/screening 3 [15,19,24]
Outcome
Pulmonary thromboembolism 4 [1,15-17]
Deep vein thrombosis 3 [19,24,25]
Venous thromboembolism (pulmonary & deep vein) 5 [18,20-23,26]
Arterial and venous thrombosis 2 [7,25]
Outcome measure
Adjusted OR 12 [1,7,16-19,21-24,25-26]
Adjusted HR 1 [15]

The presence of thrombosis was determined through imaging in 13 studies. Al-Samkari included
patients with clinically diagnosed thrombotic events (as imaging was not possible) after
adjudication by two independent reviewers [7]. Three studies [15,19,24] conducted screening
imaging, while the rest proceeded with imaging because of clinical suspicion of thrombosis. Two
studies reported arterial, venous, and clinically significant non-vessel thromboses; the rest only
venous thromboembolism (VTE).

Incidence of Thromboembolism

The incidence of pulmonary thromboembolism ranged from 18.5-51%, DVT from 14.7-46%, and
pulmonary and/or DVT from 9.3-41.7% among those who underwent an imaging procedure (n=13
studies). Two studies reported an overall incidence of pulmonary embolism in the hospitalized
population of 2.6% (95% CI 1.7, 3.5) and 6.4% [1,16], and one study on VTE of 3.5% [26]. A study
of arterial, venous, and clinically significant non-vessel thrombosis had an overall VTE incidence
of 4.8% (95% ClI 2.9, 7.3) and an overall thrombosis rate of 9.5% (95% ClI, 6.8, 12.8) [7].

Association between D-dimer level and thromboembolism
All studies performed multivariate analysis and showed an association between elevated D-dimer
and thrombosis at a cut-off of 2000 ng/mL (OR 5.61 [95% CI 3.97, 7.94]) (Figure 2).

Overall summary of methodological quality

Across the three outcomes, the risk of bias was judged to be serious due to the lack of
accounting for censoring and other possible prognostic variables (e.g., the exclusion of
certain variables without available data, such as IL-6 in some studies. Many studies had
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small outcome events relative to the number of candidate predictors, resulting in very
wide confidence intervals. In addition, not all of the included patients had complete laboratory

measurements because of the retrospective nature of the studies; this may contribute to residual
confounding effects.

For studies on thromboembolism, most studies had imprecision due to low event rates and a few
studies had serious risk of bias due to incomplete prognostic factors or inadequate follow-up.

Recommendations from Other Groups

The US NIH COVID-19 Treatment Guidelines states that for hospitalized patients, data is
insufficient to recommend either for or against the use of D-dimer in guiding management
decisions [10].

Several US hospitals have included D-dimer measurement as a guide for monitoring and
anticoagulant therapy. According to the guidance made by Massachusetts General Hospital for
its medical professionals, D-dimer should be measured daily (or whenever labs are being drawn,
if less frequent than this) if the baseline D-dimer obtained was above 1000 ng/mL and if
subsequent levels remain above this value [28]. Meanwhile, the University Health System in
Texas uses D-dimer levels as a dosing guide, with patients being escalated to therapeutic
anticoagulation doses (enoxaparin 1 mg/kg subcutaneously twice a day) when D-dimer levels are
above 5000 ng/mL and being given high-dose prophylactic doses (enoxaparin 0.5 mg/kg
subcutaneously twice a day) either when baseline D-dimer at least 2000 to 3000 ng/mL, or when
D-dimer has decreased to <2000 ng/mL [29].

The PSMID and other medical specialty societies in its interim guidance for adults with COVID-
19 recommended D-dimer as one of the ancillary tests when COVID-19 is suspected, to
prognosticate and guide management. Anticoagulation therapy in the form of heparin or low-
molecular weight heparin is recommended for patients with a D-dimer level of > 1000 ng/ml [30].

Research Gaps

Prospective studies on the utility of d-dimer as a biomarker predictive of COVID-19 outcomes may
help reduce the limitations inherent to retrospective studies, such as information bias (missing
data due to reliance on existing records) and selection bias (due to inclusion of individuals after
the outcome has occurred). Matching by age and/or sex in future studies are recommended.
Efforts to set up standardized collection times, methods, and reference values for d-dimer are
desired.
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Appendix 1. Characteristics of Included Studies

Mortality (n=10 studies)

Author (Year) Population and number of | Outcome D-dimer D-dimer association with Prediction of
Study design outcome events timing outcome outcome
Zhou (2020) Hospitalized adults with In-hospital | Admission Reference for multivariate None
China confirmed COVID-19 (191) death analysis: 0.5
Retro cohort Deaths (54)
Multicenter D-dimer <500 ng/mL (55) D-dimer >1000 ng/mL: OR
D-dimer >500 ng/mL (117) 18.42 (2.64, 128.55,
p=0.0033)
>500 ng/mL: OR 2.14 (0.21,
21.39, p=0.52)
Yao (2020) Hospitalized adults with Mortality Admission D-dimer measured using For prediction
China confirmed COVID-19 (248) Sysmex, CS5100 of in-hospital
mortality: D-
Case control Deaths (17) Reference for multivariate dimer > 2140
Single-center analysis: <1000 ng/mL ng/mL
Sn 88.2%
1000-2000 ng/mL: OR 2.21 Sp 71.3%
(0.12, 38.61) p=0.612 (AUC 0.85;
95% Cl =
>2000 ng/L: OR 10.17 (1.10, | 0.77-0.92)
94.38) p = 0.041
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Author (Year) Population and number of | Outcome D-dimer D-dimer association with Prediction of
Study design outcome events timing outcome outcome
Zhang L (2020) Hospitalized adults with In-hospital | Admission D-dimer measured using For prediction
China confirmed COVID-19 (248) mortality (within 24h) CS5100 automatic of in-hospital
coagulation analyzer mortality: D-
Retrospective Deaths (13) (Sysmex, Japan) dimer 22000
cohort ng/mL
single-center Kaplan-Meier cut-off: Sn 92.3%
D-dimer 22000 ng/mL as Sp 83.3%
predictor of in-hosp mortality | (AUC 0.89; No
Cl reported)
Adjusted HR 22.4 (2.86,
175.7) on Cox proportional
hazard analysis p=0.003
after adjusting for sex, age,
underlying disease
Al-Samkari Adults with confirmed covid | In-hospital | Initial clinical None
(2020) from the Research Patient mortality evaluation D-dimer measured in EEU
USA Data Registry at Partners using Vidas (bioMerieux) in 2
Healthcare (400) - mortality laboratories, Sta-Liatest
Retrospective models included only (Stago) in 2 laboratories, and
cohort patients reaching HS 500 (Instrumentation
Multicenter Completion of Laboratory) in1 |aborat0ry
hospitalization (discharge or
death)
Reference for multivariate
Deaths (29) analysis: D-dimer <1000
Critically ill (144) ng/mL
D-dimer <1000 (148) D-dimer 1001-2500 ng/mL:
1001-2500 (78) Adjusted OR 6.26 (1.53,
>2500 (26) 25.58)
>2500 ng/mL: Adjusted OR
15.14 (2.19, 104.53)
Gil-Rodrigo Hospitalized adults with In-hospital | Baseline Reference for multivariate None
(2020) covid, either RT-PCR- mortality analysis: D-dimer >500
Spain confirmed or clinically ng/mL
diagnosed (1000) Composite
Prospective of in-hosp In-hospital mortality:
nested cohort Deaths (119) mortality/I Adjusted OR 2.96 (1.58,
study ICU (62) CuU 5.54)
Multicenter Invasive mechanical admission/
ventilation (IMV) (46) need for Composite of in-hosp
March 1- Apr 30, IMV mortality/ICU

2020

Patients with D-dimer
measurement (759; 443 of
them have D-dimer >500
mg/mL)

admission/need for MV:
Adjusted OR 2.42 (1.44,
4.06)

D-dimer
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Author (Year) Population and number of | Outcome D-dimer D-dimer association with Prediction of
Study design outcome events timing outcome outcome
Peiro (2021) Hospitalized adults with 30-day all- | Admission D-dimer measured using None
Spain covid, either RT-PCR- cause ACL TOP 500 CTSVR using

confirmed or clinically mortality HemoslIL D-Dimer HS- 500
Retrospective diagnosed, with biomarker (HemoslL, Instrumentation
cohort study information (196) Laboratory, Bedford, MA)
Single-center N

Destns (37;0 1 ow e e
Mar 16-May 15, dimer; 27 in high d-dimer) na/mL ’ B

g/m

2020

D-dimer <1112 ng/mL (119) Adjusted HR 3.35; 95% ClI

1.58-7.13; p<0.002

D-dimer 21112 ng/mL (77)
Yang (2020) Hospitalized adults with In-hospital | dmission Reference for multivariate None
China covid, either RT-PCR- mortality analysis: D-dimer >1000

confirmed or clinically ng/mL
Retrospective diagnosed, with biomarker ) )
cohort study information (196) In-hospital mortality: OR
Multicenter (2 9.51 (3.61, 25) p<0.001
hospitals) Deaths (58) Other findings (serial

biomarker measurements of

Jan 10-Feb 29, each patient for dynamic
2020; pts change analysis): D-dimer
followed from raised rapidly from day 12 in
admission to Mar non-survivors and its level
20, 2020/ was significantly higher than
discharge/death in survivors
Zhang W (2021) Hospitalized adults with In-ICU ICU Reference for multivariate None
China confirmed covid (203) death admission analysis: D-dimer <1500

Retrospective
cohort study
Single-center

Admitted bet Jan
20-Feb 26, 2020;

Deaths (58; 51.7% severe,
43.1% critical)

Hospitalized adults with
confirmed severe or critical
COVID-19 and admitted to

ng/mL

for in-ICU-death:

D-dimer 1500-10,000 ng/mL:

HR 3.600 (1.455, 8.911)
p=0.006

outcome ICU (158) 10000-40000 ng/mL:
monitored until HR 4.160 (1.727, 10.022)
Mar 4, 2020 Deaths (77) p=0.001
Patients into 4 groups >40000 ng/mL:
based on their D-dimer level HR 2.732 (1.077, 6.927)
at the time of ICU p=0.034
admission:
. 7-day mortality: no
DO/r(rr:Lor(r;%I DD): BD <1.5 significant diff among D1,
g D2, and D3 groups
D1-D3 14-day mortality rate:
(abnormal DD): significantly lower in DO vs
D1:1.5sDD<10 ug/mL (38) D1-D3 (all p<0.01); also
D2: significantly lower in D1 vs
10=DD<40 ug/mL (31) D2-D3 (p<0.05); but no diff
D3: 240 ug/mL (32) between D2 and D3
D-dimer As of 26 May 2021
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Author (Year) Population and number of | Outcome D-dimer D-dimer association with Prediction of
Study design outcome events timing outcome outcome
Creel-Bulos Hospitalized adults with In- Peak Death was
(2020) confirmed COVID-19 with hospital (maximum) [ high sensitivity latex dimer not predicted
USA D-dimer measurements mortality D-dimer assay (Instrumentation by pre-VTE
(115) throughout | | aporatories, Bedford, MA) ceiling D-
Retrospective hospitalizati dimer,
cohort study Deaths (21) on change
Single-center (absolute
Peak D-dimer >2000 ng/mL . . . increase) in
Mar 12-Apr6, | (83) Most patients had a single D-dimer, rate
2020, Reviewed | Peak D-dimer >3000 ng/mL D-dimer level on a given day of D-dimer
from admission (74) Megn value was used if >1 rise, or peak
through d-d|me_r measurement was D-dimer
discharge or (Patients with overlapping made in one day (maximum
until the censor D-dimer values not level from
date of April 30, | reported) hospital days
2020 1-7) >2500
Peak d-dimer of >3000 ng/mL
ng/mL: OR 4.847 (0.933,
25.167) p=0.060 on
multivariate analysis
Peak d-dimer of >2000
ng/mL was not found to be
predictive of mortality even
on univariate analysis
Alabyad (2020) Hospitalized adults with In- Admission Not reported
USA confirmed COVID-19 who hospital ORs and raw numbers for
had markers of coagulation mortality mortality not reported

Retrospective
cohort study
multi-center

April 3-July 31,
2020

Reviewed from
admission
through
discharge or
until the censor
date of
September 14,
2020

and hemostatic activation
(MOCHA) measurements
that included D-dimer (276)

Deaths (31)

Admission D-dimer >2000
ng/mL (51)
Admission D-dimer >3000
ng/mL (40)

(Patients with overlapping
D-dimer values not
reported)

D-dimer
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Worsening severity (n=6 studies)

Data collection
from Jan 1 to Feb
29, 2020

to severe (20)

ambient air; 3) PFratio

<300

Author (Year) Population Outcome D-dimer timing | D-dimer Prediction of
Study design association with outcome
outcome
Yue (2020) Hospitalized Critical iliness Admission Reference for AUC 0.873 (0.806,
China adults with (defined as composite multivariate 0.923) p <0.0001
confirmed covid endpoint of ICU analysis: D-dimer Sn 82.35%
Retrospective (180) admission, ARDS, or >660 ng/mL Sp 81.75
cohort stucy death) Critical illness OR AUC improved if
Single-center g'i‘t'i'gaelda':éo 1.911 (1.050, DD is combined
Jan 18-Feb 16 noncritical 3.478) p=0.034 with CRP and CT
’ . scan score to 0.921
2020 according to (0.863, 0.960) p
presence of <0.0001
absence of end- Sn 82.35%
point events: Sp 89.43%
Critical (20; no
deaths)
Noncritical (160;
14 deaths)
Cen (2020) Hospitalized Disease progression “Baseline” Reference for None
China adults with (patients who (unknown if on multivariate
confirmed MILD recovered OR admission, but analysis: D-dimer
Retrospective COVID-19 (1007) | became probably) 2500 ng/mL
cohort symptomatically
Single-center 1007 broken stable, vs those who Disease
down into developed severe* progression
stable (720) disease, critical HR 2.846 (2.103,
and progression illness**, or died) 3.851)
(severe =222,
critical = 22, *Severe defined as
deceased =43) either: (a) respiratory
rate >30 breaths/min,
or (b) oxygen
saturation <93%, (c)
PF ratio <300 mmHg
**Critical defined as
any of the following:
(a) shock, (b)
respiratory failure
requiring mechanical
ventilation, or (c)
organ failure requiring
ICU admission
Duan (2020) Hospitalized Progression to Admission Reference value DD cutoff >140
China adults with severe* case and machine for D- | ng/mL by Youden
confirmed dimer unspecified index
Retrospective nonsevere* *Severe defined as
cohort study COVID-19 (348) those meeting ANY AUC* 0.64 (0.57,
Multicenter (2 the ff: 1) dyspnea, RR 0.70)
hospitals) Stable/improved >30 breaths/min; 2) Sn 88%
(328); progression | 02 sat <93% in Sp 39%

D-dimer
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Author (Year) Population Outcome D-dimer timing | D-dimer Prediction of
Study design association with outcome
outcome
Al-Samkari (2020) | Adults with Critical illness Initial clinical None
USA confirmed covid (defined as evaluation D-dimer measured
from the requirement for in FEU using Vidas
Retrospective Research Patient | endotracheal (bioMerieux) in 2
cohort Data Registry at intubation and laboratories, Sta-
Multicenter Partners mechanical ventila- Liatest (Stago) in 2
Healthcare (400) - | tion, including patients laboratories, and
mortality models for whom intubation HS 500
included only was clinically (Instrumentation
patients reaching indicated but who Laboratory) in 1
completion of chose to forego it) laboratory
hospitalization
(discharge or
death) Reference for
multivariate
De_"’_“hs (2_9) analysis: D-dimer
Critically ill (144) <1000 ng/mL
D-dimer 1001-2500
ng/mL: Adjusted
OR 2.58 (1.57,
4.24)
>2500 ng/mL:
Adjusted OR 2.05
(1.03, 4.07)
Wang (2020) Hospitalized Need for invasive Admission Reference for None
China adults with mechanical ventilation multivariate
confirmed COVID- analysis: D-dimer
Retrospective 19 and were >1500 ng/mL
cohort study mechanically
Multicenter ventilated (141) HR 3.05 (1.07,
8.69) p = 0.037
Until January 31, Non-invasive
2020 (unknown ventilation (91); OR 3.28 (1.07,
study start date) invasive 10.10) p = 0.039
mechanical
ventilation (50)
Alabyad (2020) Hospitalized ICU admission Admission Not reported
USA adults with Intubation ORs and raw
confirmed COVID- numbers for ICU
Retrospective 19 who had admission and
cohort study markers of intubation not
multi-center coagulation and reported
hemostatic
activation
April 3-July 31, (MOCHA)
2020 measurements
that included D-
Reviewed from dimer (276)
admission
through ICU admission

discharge or
until the censor
date of
September 14,
2020

(159)
Intubation (90)

D-dimer
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Author (Year) Population Outcome D-dimer timing | D-dimer Prediction of
Study design association with outcome
outcome

Admission D-
dimer >2000
ng/mL (51)
Admission D-
dimer >3000
ng/mL (40)

(Patients with
overlapping D-
dimer values not
reported)

Thromboembolism (n=14 studies)

Study Population Site of D-dimer Association of Prediction of
Thrombosis and (ng/ml) D-dimer with thrombosis
Proportion details median (IQR) thrombosis
(unless (effect size
specified) (95% ClI))
Al-Samkari (2020) Adults with Thrombotic Initial clinical None
USA confirmed covid complications evaluation D-dimer
from the Research measured in FEU
Retrospective cohort | Patient Data using Vidas
Multicenter Registry at Partners (bioMerieux) in 2
Healthcare (400) - laboratories, Sta-
mortality models Liatest (Stago) in
included only 2 laboratories,
patients reaching and HS 500
completion of (Instrumentation
hospitalization Laboratory) in 1
(discharge or death) laboratory

Deaths (29)

Critically ill (144) Reference for

multivariate

D-dimer <1000 analysis: D-dimer

(148) <1000 ng/mL
1001-2500 (78)
>2500 (26) D-dimer 1001-
2500 ng/mL:
Adjusted OR 3.04
(1.26-7.31)

>2500 ng/mL:
Adjusted OR
6.79 (2.39-19.30)

Combined OR
(1001-2500 and
>2500): OR
3.530 (1.6677-
7.4930)
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Study Population Site of D-dimer Association of Prediction of
Thrombosis and (ng/ml) D-dimer with thrombosis
Proportion details median (IQR) thrombosis
(unless (effect size
specified) (95% ClI))
Benito 2020 Hospitalized, Pulmonary: 32/76 Admission Admission No data
Prospective n=1,275 (42.1%) 5,274.5 1,000 ng/mL
Spain Suspected Cumulative (16,419) OR 4.5
Mar-Apr 2020 thrombosis with incidence Peak (1.2-17.2)
CTPA, n=76 2.6% (95 Cl 1.7— 22,791 Peak
March- standard 3.5%) (42,552) 6,000 ng/mL OR
prophylactic 5.6 (1.3-24.5)
anticoagulation None: 44/76 Admission
April- standard (57.9%) 1,045.5
therapeutic (6,287.8)
anticoagulation Peak
6039.5
(15,982.3)
Garcia-Ortega Hospitalized Pulmonary: 26/73 Admission, Admission No data
2021 119 randomly (35.6%) mean (SD) HR 1.02
Prospective selected from 272 6270 (13,814) (1.01-1.04)
Spain admitted patients
Mar 8-Apr 25, 2020 Routine CTPA 2384 (6134)
Prophylactic None: 47/73
anticoagulation (64.4%)
Mestre-Gomez Hospitalized Pulmonary: 29/91 Peak median With Peak D-dimer
2020 Not critically ill (31.9%) (Q1-Q3) dyslipidemia, OR cut-off of >
Retrospective Prophylactic Cumulative 7230 ng/mL 3.77; Cl1 95% 5000 ng/mLlI
Spain anticoagulation incidence 29/452 (2105-16,415) (1.18-12.16) and history of
Mar 30-Apr 12, (6.4%) Without Dyslipidemia
2020 14,480 ng/mL dyslipidemia, AUC-ROC
(5540-33,170) (OR 9.06; CI 0.755
None: 62/91 95% (1.88,
(68.1%) 43.60).

Mouhat 2020
Retrospective
France
April-May 2020

349 hospitalized
Severe COVID-19
Suspected PE in
162

Prophylactic or
therapeutic
anticoagulation at
discretion of AP

Pulmonary: 44/162
(27.2%)

None: 118/162
(72.8%)

5364 ng/mL
(2928-12 275)
1310 ng/mL
(800-2335)

D-dimer on day
of CTPA

OR 4.0 (95% CI
2.4-6.7) per
guartile increase
in D-dimer on
day of CTPA

For D-dimer
>2590 ng/mL:
OR 16.9 (95% ClI
6.3-45)

Cut-off value of
2590 ng/mL
AUC 0.88

D-dimer
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Study Population Site of D-dimer Association of Prediction of
Thrombosis and (ng/ml) D-dimer with thrombosis
Proportion details median (IQR) thrombosis
(unless (effect size
specified) (95% CI))
Cho 2021 Hospitalized DVT Highest level D-dimer >6494 6494 ng/mL for
Retrospective 1170 screened 52/158 (32.9%) prior to US ng/mL: OR 6.12; DVT
Marl-May 13, Imaging at AP median, (95% ClI 2.79- SN 80.8%
2020, USA discretion N=158 13,602 ng/mL 13.39) SP 68.9%
included [IQR, 6616- NPV 88.0%
90% on 36,543 ng/mL] The C statistic
prophylactic (AUC) was
anticoagulation None 2880 ng/mL 0.802
106/158 [IQR, 1030-
9126
ng/mL]
Demelo-Rodriguez Non-ICU DVT: 23/156 4527 ng/mL Adjusted OR 9.8; To rule out
2020 All screened for (14.7%) (IQR Cl 95% 2.9-33.7 asymptomatic
Prospective asymptomatic 1925-9144) DVT, D-dimer
Spain DVT if with D- ng/mL cutoff 1570
April 1-15, 2020 dimer>1000 ng/ml ng/mL
and hospitalized None: 133/156 2050 ng/mL SN 95.7%,
for >48 hours, all (IQR 1428 SP 29.3%,
on prophylactic 3235 ng/mL) PPV 19%
anticoagulation NPV 97.5%
Zhang 2020 Hospitalized 23 DVT: 66/143 6600 ng/mL Admission D- AUC 0.708
Cross-sectional days adult pts with (46.15) (2500, 8000) dimer >1000 (0.622, 0.784)
survey COVID-19, critical; ng/mL (OR 5.818 Sn 88.52%
China all with DVT None: 77/143 0.9(0.4,3.5) (1.422-23.809] Sp 52.86%
Jan 29-Feb 29, screening odds of DVT
2020; followed up (N =159
until Mar 24, 2020 screened, 143 OR 13.506 [95%
with imaging) Cl, 1.334—
37% on 136.741] odds of
prophylactic PROXIMAL DVT

anticoagulation

OR, 3.564 [95%

Cl, 1.122-
11.323] odds of
DISTAL DVT
Dujardin 2020 ICU patients VTE: 53/127 Multivariate D-dimer cut-off
Retrospective Observation (data (41.7%) analysis D- >2000 ng/mL
Amsterdam extracted) till dimer not SN 80 (61-92)
Mar13-Apr9, 2020 death/discharge None: 64/127 associated with SP 29 (15-49)
Weekly screening (58.3) VTE. Only CRP PPV 53 (46-61)
US, suspected PE was associated NPV 60 (38—
had CTPA, D- with VTE. 79)
dimer done 2x a
week D-dimer AUC
All with 0.64
prophylactic

anticoagulation

D-dimer
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Study Population Site of D-dimer Association of Prediction of
Thrombosis and (ng/ml) D-dimer with thrombosis
Proportion details median (IQR) thrombosis
(unless (effect size
specified) (95% CI))
Kampouri 2020 All documented VTE: 41/443 (9.3%) D-dimer VTE on To predict VTE
Retrospective COVID-19 with (ng/ml) (among admission >3120 on admission
Switzerland consent for data 14/41 On 363 patients) ng/ml- OR 15.8, D-dimer value =
Feb 28-Apr 30, review, n=443 admission 27/41 95% Cl 4.7-52.9 3000 ng/ml
2020, follow-up till Documented VTE during hospital stay 3610.0 SN 714
May 5. (imaging) on (1934.0- VTE during SP 87.9
admission or 7093.8) hospitalization PPV 99.
during None: 402/443 > 5611 ng/ml NPV 87.4
hospitalization OR 6.3, 95% ClI Diagnostic
Crea-clearance 1039.0 (549.0- 2.4-16.2 Accuracy 0.797
adjusted 2020.0)
thromboprophylaxi Wells score for
s for all in the ICU. PE = 2 points or
D-dimer value
21000 ng/ml
SN 92.9
SP 46.9
PPV 5.4
NPV 99.5
DA 0.483
Creel-Bulos 2020 All severity of VTE: 27/115 (23%) Median D- 2000 ng/mL: OR Prediction of
Retrospective CovID dimer within 9.592 (95% ClI future VTE
USA Criteria for the first 7 days 1.110-82.866) Within first 7
Mar 12-Apr 6, imaging not of HD peak level
2020, Reviewed mentioned None: 88/115 hospitalization 3000 ng/mL: OR >2500 ng/mL,
from admission Therapeutic (76.6) 6450 ng/mL 15.595 (95% ClI AUC 0.72
through discharge anticoagulation in 1.902-127.848)
or until the censor 59 patients (51%) 1596 ng/mL Only change
date of April 30, Combined OR (absolute
2020 (2000 and 3000): increase) in D-
OR 14.1404 dimer level
(1.83-109.26) (AUC=0.72
P=.004) and

rate of D-dimer
rise (AUC=0.75
P=.001) were
also

predictive of
VTE

Diagnosis of
VTE- rise of
>150ng/mL/d or
>2000ng/mL
within any 24
hour period
through HD10
Sensitivity 75%
Specificity 74%

D-dimer
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Study Population Site of D-dimer Association of Prediction of
Thrombosis and (ng/ml) D-dimer with thrombosis
Proportion details median (IQR) thrombosis
(unless (effect size
specified) (95% CI))
Nauka 2020 Hospitalized & VTE: 67/306 5200 ng/mL >2000 ng/mL None
Retrospective discharged, not (21.9%) [1900-20000] OR 3.9
USA critical, had (1.1,14.6)
Marll-May2, 2020 imaging during 67/2630 (2.5%)
hospitalization or estimated >5000 ng/mL
within 14 days population 1700 ng/mL OR 10.8 (3,
post-discharge prevalence [900-3500] 39.2)
(performed at
provider’s None: 239/306
discretion)
D-dimer within 48h
of admission
3855 screened,
306 had imaging
193 had
prophylactic or
therapeutic
anticoagulation
Rali 2020 147/703 (20.9% of VTE:25/147 admission None
Retrospective admissions to D-dimer level
USA COVID unit) had None: 122/147 1500 ng/mL:
Aprl-27, 2020 imaging for high adjusted OR
clinical suspicion 3.55; 1.29-9.78

of VTE, CTPA
and/or extremity
venous duplex US
(proximal DVT
only)

VTE prophylaxis
at admission or
sequential
compression
devices

D-dimer
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Study Population Site of D-dimer Association of Prediction of
Thrombosis and (ng/ml) D-dimer with thrombosis
Proportion details median (IQR) thrombosis
(unless (effect size
specified) (95% CI))
Alabyad 2020 Hospitalized 45 patients (16%) D-dimer >2000 Cut-off > 2000

Retrospective On prophylactic with thrombosis ng/mL (OR 3.1, Total
cohort anticoagulation DVT 24 (8.7%) 95% Cl 1.5-6.6; thrombotic
USA Outcomes of DVT, | PEin8(2.9%), M p =.003) endpoints
Multicenter pulmonary in 4 (1.5%), Sensitivity 33%
Apr 3-Jul 31,2021 | embolus, MI, ischemic stroke in 5 D-dimer > 3000 Specificity 84%
(censored till Sep ischemic stroke, (1.8%) central or ng/mL (OR 3.6, PPV ZQZA)
14, 2020) dialysis or central ?r']alyS'bS line ; 95% Cl 1.6-7.9; | NPV87%
line clots (with rombosis in p =.002) .
. o & (2.5%), 6 (2.2%) Throm_bot|c
maging o RRT Associated with endpoints
adjudication), thrombosis 1 thrombosis within 14 days
plasma D-dimer (0.4%) patient e from admission
within 72 hours of ircui within 14 days of itivi
nr ECMO circuit admission Sensitivity 31%
admission thrombosis D-dimer >2000 Specificity 83%
(reference value ng/mL (OR 2.5, PPV 20%
<574 ng/mL) 95% Cl 1.1-5.9 NPV 90%
N=276, 58% in
ICU (159) Total VTE
Sensitivity 39%
Specificity 84%
PPV 24%
NPV 92%
VTE <14 days
from admission
Sensitivity 44%
Specificity 84%
PPV 20%
NPV 94%
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Question: D-dimer levels for mortality, worsening severity, and thromboembolism among COVID-19 patients?

Setting: COVID-19 patients

Author(s): Patricia Pauline M. Remalante-Rayco, Evelyn O. Salido, Joey A. Tabula

No. of Certainty assessment Certainty
studies
Study Risk Inconsistency | Indirectness | Imprecision Other
design of bias considerations
Mortality
5 observational serious not serious not serious not serious strong PPPD
studies ab.c,d association HIGH
dose response
gradient
Worsening Severity
6 observational serious serious &f not serious not serious none @@OO
studies abd LOW
Thromboembolism
12 observational | serious not serious not serious not serious strong OPPD
studies ce association HIGH
dose response
gradient

Explanations
a. Did not account for censoring
b. Patients with incomplete laboratory data were included

. Not all prognostic variables were considered

. Different d-dimer cut-off values were used

c
d. Small number of events relative to number of predictors
e
f

. Different effect measures used for the outcome

D-dimer
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Appendix 3. Forest Plots
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Test for subgroup differences: Chi® = 035, df = 2 (P = 0.84), F = 0%

Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] S5E Weight IV, Random, 95% CI IV, Random, 95% CI
3.1.1 Overall
Al-Samkan 2020 18342 07188 17.4% 626 [1.53, 25.61] e
Gil-Rodrigo 2020 LoBE2 03203 3I5.0% 2.96 |1.58, 5.55] ——
Tang 2020 2.2523 04542 2T 4% 251 (361, 25.05] —_—
Tap 2020 0.733 L4864 5.4% 2.21 [0.12, 40.70]
Zhu 2020 2.9134 02912 10.EB% 1842 [2.64, 128.52]
Subtotal (95% CI) 100.0% 557 [2.74, 11.31] i
Heterpgeneity Taw® = 0,23, Chi® = 6,42, df = 4 (P = 0. 17); IF = 28%
Test for owverall effect: 2 = 4.75 (F < 0.00001)
3.1.2 D-dimer =500 ng/mL
Gil=-Rodrigo 2020 LoBEz 03203 EB3.2% 2.96 [1.58, 5.55] —l—
Zhu 2020 2.8134 02912 3IGEX L1842 [2.64, 128.52] L
Subtotal (95% CI) 100.0% 580 [L03, 32.69] e
Heterogeneity Taw! = 1,13; Chi? = 208, df = 1 (P = 0.08); I = 68%
Test for owverall effect: 2 = 1.9 (F = 0.05)
3.1.3 D-dimer = 1000 ng/mL
Al=Sarmbkan 2020 1LE342 OTLEE 259.95% G286 [1.53, 25.61] —_—
Yang 2020 22523 049242 B3.2%  951[3.61, 25.05] —u—
Tap 2020 0728 L4864 ¥ 2,21 0,12, 40.70]
Subtotal (95% CI) 100.0% 7.58 [3.51, 16.37] i
Heterogeneity Taw® = 000, Chi' = 097, df = 2 (P = 0.62); I = 0%
Test for owverall effect: 2 = 5 16 (F < 0.00001)

0.01 01 10 100

Favours lower D—dimer‘ Fawvours higher D-dimer

Figure 1. Comparison of mortality between patients with low D-dimer <500 ng/mL versus D-
dimer 2500 ng/mL among adults with confirmed COVID-19, with subgroup analyses at cut-off

values of 500 ng/mL and 1000 ng/mL

D-dimer
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523 (P < 0.00001)

4.1.3 D-dimer >2000 ng/mL

Heterogeneity: Tau® = 0.0%; Chi* = 14.73, df = 11 P = 0.200; P = 25%

Test for owverall effect; 2 = 9.75 (P < 0.00001)

4.1.2 D-dimer >1000 ng/mL

Al-Samkari 2020 12613 0.3826 46.4% 3.53[1.67, 7.47]
Benito 2020 15041 06744 14 8% 450 [1.20, 16 8E]
Rali 2020 12669 05165 25.5% 3.55[1.28, 5.77]
Zhang L 2020 1761 07188 12.2% 5.82 [1.42, 22.B0]
Subtotal (95% CI) 100.0% 3.91 [2.35, 6.53]

Heterogeneity: Tau? = 0.00; Chi® = 046, df = 2 (P = 0.92); * = 0%
Test for overall effect: 2 =

Test for overall effect: 2 = 4.22 (P < 0.0001)

4.1.4 D-dimer >3000 ng/mL
Fampouri 2020

Subtotal (95% CI)
Heterogeneity: Mot applicable
Test for overall effect: 2 = 4.46 (P < 0.00001)

2.76 0.6186

4.1.5 D=-dimer >4000 ng/mL
Demelo-Fodriguez 2020
Subtotal (95% CI)
Heterogeneity: Mot applicable
Test for overall effect: 2 = 2.67 (P = 0.0002)

2.2824 06213

4.1.6 D-dimer >5000 ng/mL
Mestre-Gomez 2020

Subtotal (95% CI)
Heterogeneity: Mot applicable
Test for overall effect: 2 = 2.24 (P = 0.03)

1.3271 05926

4.1.7 D=dimer >6000 ng/mL
Cho 2021

Subtotal (95% CI)
Heterogeneity: Mot applicable
Test for overall effect; 2 = 4.52 (P < 0.00001)

18116 0.4008

Test for subgroup differences: Chi® = &.14, df = & (P =

Alabryad 2020 1.1314 03704 32.3% 3.10[1.50, &.41]
Creel-Bulos 2020 2,649 10432  12.8% 14.14[1.83, 109.25]
Mouhat 2020 2.8273 05035 273%  16.90[6. 20, 45 34]
MNauka 2020 15156 0.4938 27.6% 4.55 [1.73, 11.98]
Subtotal (95% CI) 100.0% 6.65 [2.76, 16.03]

Heterogeneity, Tau® = 0.49; Chi* = 8.33, df = 3 (P = 0.04); * = 64%

100.0%  15.80 [4.70, 53.11]
100.0%  15.80 [4.70, 53.11]
100.0%  9.80[2.90, 33.12]
100.0%  9.80 [2.90, 33.12]
100.0%  2.77 [1.18, 12.04]
100.0%  3.77 [1.18, 12.04]
100.0%  6.12 [2.79, 13.43]
100.0%  6.12 [2.79, 13.43]
0.41), 2 = 2.3%

Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
4.1.1 Overall
Al-Famkari 2020 1.2613 0.2826 13.1% 3.52 [1.67, 7.47]
Alabyad 2020 1.1314 0.3704 13.7% 3.10[1.50, 5.41] —
Benito 2020 1.5041 0.6744 5.7% 4,50 [1.20, 16.88] —_—
Cho 2021 1.81lle 0.4008 12.4% 6.12 [2.79, 13.43] —_—
Creel-Bulos 2020 2.643 1.0432 2.7% 14.14 [L.8%, 109.25] +
Demelo-Rodriguez 2020 2.2824 06213 6.5% 9.80 [2.90, 33.12] —_—
Kampouri 2020 2.76 0.6186 6.6% 15.80[4.70, 53.11] —_—
Mestre-Comez 2020 1.3271 0.592¢ 7.1% 3.77 [1.18, 12.04] e —
Maouhat 2020 2.8273 0.5035 9.1% 16.90 [6.20, 45.34] e —
Mauka 2020 1.5156 0.4938 9.3% 4.55 [1.73, 11.98] —_—
Rali 2020 1.2669 0.5165 B.7% 3.55[1.2%, 9.77] —_—
Zhang 2020 1761 (0.7188 5. 1% 5,82 [1.42, 23.80]
Subtotal (95% CI) 100.0% 5.61 [3.97, 7.94]

00l

,
0.1
Favours lower D-dimer Favours higher D-dimer

Figure 2. Comparison of thromboembolism between patients with low D-dimer <1000 ng/mL
versus D-dimer 21000 ng/mL among adults with confirmed COVID-19, with subgroup analyses
at cut-off values of 1000, 2000, 3000, 4000, 5000, and 6000 ng/mL
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Appendix 4. Detailed Study Appraisal

Articles on Mortality

Author and Direct? Included all Unbiased Adequate Separate Risk of Bias
Year important criteria for follow-up validation
factors?* outcome?** rate?*** study for
prediction
rule done?
Zhou (2020) Yes Yes Yes Yes
(35 % severe, (Nonsurvivor nla Very Serious
28% critical) group was limitation
older, had more
(rznoor?grbidities, Selection bias:
tachypnei_c/tach thr:ai:\ttesdsgl
ypardm, higher excluded and
risk scores) may
underestimate
mortality
Yao (2020) Yes Yes Yes Yes n/a Serious
Pts with high d- limitation
dimer were
older, more had Imprecision:
HPN, more had Wide Cl due to
severe and low number of
critical covid, events (n=17)
higher severity
scores, higher
mortality
Zhang L (2020) Yes Yes Yes Yes n/a Serious
(severe 44%, Pts with D- limitation
critical 20%) dimer 22.0
ug/mL were Imprecision:
older, more Wide ClI due to
comorbids, low number of
more deaths events (n=13)
Al-Samkari Yes (critical Yes Yes Yes n/a Serious
(2020) 36%) Pts who are limitation
critically ill have
more diabetes, Imprecision:
CKD on dialysis Wide Cl due to
and less low number of
chronic lung events (n=29)
disease
Gil-Rodrigo Yes Yes Yes Yes n/a Serious
(2020) limitation:
Nonsurvivors Imprecision
and patients from the small
with composite number of
events were events per
older and had predictor
higher
prevalence of Impact on
obesity effect size from
D-dimer As of 26 May 2021
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Author and Direct? Included all Unbiased Adequate Separate Risk of Bias
Year important criteria for follow-up validation
factors?* outcome?** rate?*** study for
prediction
rule done?
incomplete
laboratory data
leading to
exclusion of
potentially
important
prognostic
variables and
the obviation of
collinearity
Peiro (2021) Yes No Yes Yes n/a Serious
limitation:
Limited number impact on
of variables in effect size
Cox regression
analyses Number of
variables
More included was
nonsurvivors limited (to
were older, avoid
smokers, had overfitting);
hypertension, hence
had myocardial multivariable
infarction, Cox regression
chronic kidney analyses were
disease, and adjusted only
chronic by age,
pulmonary hypertension,
disease history of
chronic
pulmonary
disease, renal
impairment at
admission, and
d-dimer level
Yang (2020) Yes Yes Yes Yes n/a Serious
limitation:
More Impact on
nonsurvivors effect
were older, had size/estimation
COPD, had of OR

hypertension,
had severe or
critical COVID-
19, and had
higher levels of
cardiac
biomarkers,
inflammatory
indicators and
coagulation
function

-data censoring
-exclusion of
variables like
Sa02 and IL-6
from the final
logistic model
due to absence
of events
(possibly
overestimating
the effect of d-
dimer)

D-dimer
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Author and
Year

Direct?

Included all
important
factors?*

Unbiased
criteria for
outcome?**

Adequate
follow-up
rate?***

Separate
validation
study for
prediction
rule done?

Risk of Bias

Zhang W (2021)

No

Only ICU
patients were
included

Yes

Yes

Unclear

(not
mentioned if
all patients
had known
outcomes)

n/a

Serious
limitation:
Imprecision

Small number
of events per
predictor (3.66
events per
candidate
predictor)

Creel-Bulos
(2020)

Yes

Yes

Yes

Yes

n/a

Serious
limitation:
Impact on
effect
size/estimation
of OR due to:

-lack of
imputation for
missing data

-Inconsistency
in daily D-
dimer testing in
all patients due
to lack of a
universal policy
for D-dimer
testing

-Data
censoring

Alabyad (2020)

Yes

Yes

Yes

Yes

n/a

No ORs
reported

Articles on Worsening Severity

Author and
Year

Direct?

Included all
important
factors?*

Unbiased criteria
for outcome?**

Adequate
follow-up
rate?***

Separate
validation
study for
prediction rule
done?

Limitations

Yue (2020)

Yes

Yes

Yes

Yes

n/a

Serious
limitation:
Impact on
effect size
from
incomplete
laboratory

D-dimer
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Author and Direct? Included all Unbiased criteria | Adequate Separate Limitations
Year important for outcome?** follow-up validation
factors?* rate?*** study for
prediction rule
done?
data leading to
exclusion of
potentially
important
prognostic
variables and
the obviation
of collinearity
Cen (2020) n/a Serious
No Yes Yes Yes limitation:
Impact on
(mild COVID-19 feﬁe“ size
only) ir:c;rgmplete
Patients ?n the laboratory
progressive data leading to
group were exclusion of
older, mostly potentially
males, had more important
comorbidities prognostic
variables and
the obviation
of collinearity
-data
censoring (28-
day follow-up
only)
Duan (2020) n/a Serious
No Yes Yes Yes limitation:
Impact on
(nonsevere Patients in the ?ﬁeCt size
COVID-19 only) | progressive from

group were incomplete

older, with laboratory

highér body data leading to

temperature exclusion of

heart rate, and potentlally

laboratory g?ggr:?sr;itc
arameters ;

P variables and
the obviation
of collinearity
-data
censoring (28-
day follow-up
only)

Al-Samkari Yes (critical Yes Yes Yes n/a Serious
(2020) 36%) limitation:

Pts who are Impact on

critically ill have effect size

more diabetes, from

CKD on dialysis incomplete
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Author and Direct? Included all Unbiased criteria | Adequate Separate Limitations
Year important for outcome?** follow-up validation
factors?* rate?*** study for
prediction rule
done?
and less chronic laboratory
lung disease data leading to
exclusion of
potentially
important
prognostic
variables and
the obviation
of collinearity
Wang (2020) Yes Yes Yes Yes n/a Serious
limitation:
Impact on
effect size
from data
censoring
Alabyad (2020) Yes Yes Yes Yes n/a No ORs
reported
Articles on Thromboembolism
Author (Year) Included all Unbiased criteria | Adequate Separate Overall Risk Any
important for outcome?** follow-up validation of Bias imprecision?
factors?* rate?*** study for (Not serious,
prediction rule | Serious, Very
done? Serious)
Al-Samkari Yes Yes Yes n/a Serious Likely yes
(2020)
Benito (2020) Yes Yes Probably yes | n/a Not serious Likely yes
Garcia-Ortega Yes Yes Probably yes | n/a Not serious Likely yes
(2021)
Mestre-Gomez Yes Yes Yes n/a Not serious Likely yes
(2020)
Mouhat Yes Yes Yes n/a Not serious Likely yes
(2020)
D-dimer As of 26 May 2021
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Author (Year) Included all Unbiased criteria | Adequate Separate Overall Risk Any
important for outcome?** follow-up validation of Bias imprecision?
factors?* rate?*** study for (Not serious,

prediction rule | Serious, Very
done? Serious)

Cho (2021) Yes Yes Unclear n/a Serious Likely yes

Demelo- Yes Probably yes Probably yes | n/a Not serious Likely yes

Rodriguez

(2020)

Dujardin (2020) | Maybe not Yes Yes n/a Serious Likely yes

Kampouri Yes Yes Probably yes | n/a Not serious Likely yes

(2020)

Creel-Bulos Yes Yes Unclear n/a Serious Likely yes

(2020)

Nauka (2020) Maybe not Yes Yes n/a Serious Likely yes

Zhang (2020) Yes Yes Yes n/a Not serious Likely yes

Alabyad (2020) | Yes Yes Yes n/a Not serious Likely yes

Rali (2020) Yes Probably not Yes n/a Serious Likely yes

*All prognostic factors are said to be considered if either of the following is done:

1. Homogeneous subgroup of individuals with specific combination of prognostic factors
2. Clinical prediction rule used

*Qutcomes are said to be unbiased if hard outcomes are used (e.g, mortality). For soft outcomes, bases or criteria
need to be defined
***Eollow-up is said to be adequate if the conclusions are similar between best-case and worst-case scenarios; worst
outcomes are assumed for drop-outs
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