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Abstract

Background: Arterial and venous thrombosis is one of the major
complications of coronavirus disease 2019 (COVID-19) infection.
Studies have not assessed the difference in D-dimer levels between
patients who develop thrombosis and those who do not.

Methods: Our study retrospectively assessed D-dimer levels in all vi-
rus confirmed hospitalized patients between May to September, 2020.
Patients were divided into three groups: group 1 with normal D-dimer
of < 0.5 pg/mL, group 2 with elevation up to six folds, and group 3
with more than six-fold elevation. Statistical analysis was done using
SPSS software 23.0.

Results: Seven hundred twenty patients (groupl (n=414), group 2 (n=
284) and group 3 (n = 22)) were studied. Eight thrombotic events were
observed. Events were two with stroke, two non-ST elevation myocar-
dial infarction and one each of ST elevation myocardial infarction, su-
perior mesenteric artery thrombosis with bowel gangrene, arteriovenous
fistula thrombus and unstable angina. No significant difference (P =
0.11) was observed between median D-dimer levels among patients who
developed thrombosis (1.34) and those who did not develop thrombosis
(0.91). Twenty-nine patients died. The adjusted odds of death among
those with a six-fold or higher elevation in D-dimer was 128.4 (95%
confidence interval (CI): 14.2 - 446.3, P <0.001), while adjusted odds of
developing clinical thrombosis was 1.96 (95% CI: 0.82 - 18.2, P=0.18).

Conclusions: Our study observed a 1.1% in-hospital incidence of
clinical thrombosis. While, a six-fold elevation in D-dimer was sig-
nificantly associated with death; the same was not a strong predictor
of thrombosis; an observation which implies that dose of anticoagula-
tion should not be based on absolute D-dimer level.
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Introduction

Coagulopathy is one of the major complications of severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) in-
fection and is associated with poor disease outcomes [1]. Both
venous and arterial thromboses are observed in SARS-CoV-2
infection [2]. Studies from the Netherlands and UK on criti-
cally ill patients showed venous thromboembolism (VTE) risk
of 27% to 43% despite treatment with at least one standard
thromboprophylaxis [3, 4]. Ischemic stroke was the most fre-
quent arterial thrombosis as observed in a study from New
York reporting a seven-fold increase in ischemic strokes in
individuals less than 50 years compared to pre-coronavirus
disease 2019 (COVID-19) period [5]. The other arterial events
reported include myocardial infarction, microvascular throm-
bosis in several regions including lungs, bowel, limb and skin
[6, 7]. Increases in D-dimer and fibrin degradation products
are the characteristic changes seen in COVID-19-associated
coagulopathy (CAC) [8]. The illness can lead to a marginal
decrease in platelet count and mild abnormalities in prothrom-
bin time, activated partial thromboplastin time as opposed to
marked changes in coagulation parameters seen in sepsis-asso-
ciated disseminated intravascular coagulation [8].

D-dimer is the degradation product of crosslinked fi-
brin; therefore, it reflects ongoing activation of hemostatic
and thrombolytic system. It has been evaluated and found to
be clinically useful in thrombus evaluation, predicting dis-
seminated intravascular coagulation and excluding deep vein
thrombosis [9].

Previous studies have assessed D-dimer as a marker of
predicting outcomes and as an indicator of disease severity.
Most published data found values of at least four folds higher
than normal to have poor prognostic value [10, 11]. D-dimer
was found to have the highest C index to measure in-hospital
mortality amongst all measured coagulation parameters [11].
With regards to thrombosis, studies have used higher cutoffs.
Cui et al reported that levels above 3 pg/mL had a positive pre-
dictive value of 87.5% for venous thromboembolism [12]. It
was also observed that failure rates with standard prophylaxis
against VTE in the intensive care unit (ICU) were higher in
those with D-dimer levels above 3 pg/mL [13].

There are however some pitfalls in D-dimer estimation.
There are many types of D-dimer tests with significant vari-
ability in reporting of results and hence generalizing the data
may not be possible [14]. Is D-dimer an independent outcome
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predictor or is it just another of the many inflammatory mark-
ers such as C-reactive protein (CRP), ferritin, lactate dehydro-
genase (LDH) that have all been found to be associated with
cytokine storm and poor outcomes is a debatable query. A pro-
portion of patients with clinically mild disease have isolated
elevation in D-dimer whose risk of thrombotic events is not
known. Our study assessed D-dimer levels in all hospitalized
patients and analyzed the magnitude of elevation in varying
disease severity; compared the levels between thrombotic and
non-thrombotic subjects; and between survivors and non-sur-
vivors.

Materials and Methods

This was a retrospective study at a tertiary care center in Chen-
nai, South India of all hospitalized patients between May to
September, 2020 (period corresponding to first pandemic wave
in India) with reverse transcriptase-polymerase chain reaction
(RT-PCR) of nasopharyngeal/oropharyngeal swab confirmed
SARS-CoV-2 infection.

Physical case records having clinical and laboratory de-
tails, centralized laboratory database having results of labora-
tory tests, imaging database having digital images and radi-
ologist report were perused by one of the study authors and
recorded in a standard data entry template. Patients’ identi-
ties were reversibly de-identified during data entry. All adults
aged > 18 years and who had at least one baseline D-dimer
test were included. Patients who were: 1) discharged within 24
h; 2) prematurely discharged on their request; and 3) patients
who expired at or shortly after arrival to emergency room were
excluded. D-dimer assay was performed within 24 h of ad-
mission, using immunoturbidimetry technique with a Sysmex
CS 2400 machine; a value of < 0.5 pg/mL was considered as
normal. Baseline D-dimer test was done prior to anticoagulant
initiation. Test was periodically repeated during hospitaliza-
tion as per treating clinician opinion in those with an initial
abnormal value or in those who had requirement for supple-
mentary oxygen.

Baseline characteristics such as age, gender, symptoms,
comorbidities, need for oxygen, laboratory testing (neutrophil
to lymphocyte ratio (NLR), CRP, ferritin, and LDH), place
of admission (ward or intensive care), drugs administered;
specifically use of heparin (unfractionated or low-molecular-
weight), antiplatelet agents (aspirin or clopidogrel) and oral
anticoagulant drugs were recorded by one of the study inves-
tigators.

All relevant clinical details of thrombotic events were
recorded. The study was approved by the Institutional Eth-
ics Committee (IEC) of Sri Ramachandra Institute of Higher
Education and Research with waiver of consent (IEC-NI/20/
Aug/75/53), and was conducted in compliance with the ethical
standards of the responsible institution on human subjects as
well as with the Helsinki Declaration.

Patients were divided into three groups based on the value
of baseline D-dimer level: group 1 with normal D-dimer (<
0.5 pg/mL), group 2 with D-dimer elevation up to six folds
(0.51 - 3.0 pg/mL) and group 3 more than six-fold elevation
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(> 3.0 pg/mL). These cutoffs were chosen on the basis of
Cleveland clinic review that suggested that values > 3.0 pg/
mL were associated with a higher incidence of either thrombo-
sis or failure of thromboprophylaxis [15]. These groups were
compared for clinical features, development of thrombosis,
need for intensive care stay and other non-thrombotic compli-
cations, in-hospital outcomes and mortality. In patients with
clinical suspicion of thrombosis, further laboratory investiga-
tions were done to confirm the diagnosis. The confirmatory
tests were electrocardiogram, serial troponin T measures for
acute coronary syndrome (ST-elevation myocardial infarction
(STEMI)/non-ST-segment myocardial infarction (NSTEMI)),
computed tomography (CT) of brain in those with stroke and
CT angiogram for arterial or venous thrombosis. Severity of
illness was considered as mild if peripheral oxygen saturation
by pulse oximetry was > 95%, moderate if 90-94% and severe
if <90%.

Categorical variables were expressed as number (%) and
continuous variables as mean (standard deviation or median
(interquartile range (IQR)). Statistical analysis was done using
SPSS software 23.0 and statistical difference in age, gender,
prior medical illness, symptoms at presentation, level of oxy-
gen saturation, laboratory parameters and mortality was as-
sessed with #-test, one-way analysis of variance with Tukey’s
post hoc test, Chi-square test, Wilcoxin rank sum test as per
data form. Odds ratio (adjusted for differences in age, gender
and prior chronic medical illness in the compared groups) with
95% confidence interval (CI) and test of significance was cal-
culated for death and in-hospital development of thrombosis
by standard statistical methods. A P value of < 0.05 was con-
sidered significant.

Results

Seven hundred twenty patients were studied. Table 1 elabo-
rates the baseline characteristics of study participants classi-
fied as groups based on level of D-dimer elevation.

Group 3 patients were older (P = 0.0005), and were more
frequently male (P = 0.01). Diabetes (P = 0.02) and hyperten-
sion (0.03) was more prevalent in group 3; no significant dif-
ference in coronary artery disease and lung disease was ob-
served across groups.

Cough (P = 0.008) and breathlessness (P = 0.0005) were
more frequent in group 3; no significant difference was ob-
served in frequency of fever, sore throat, headache, vomit-
ing, diarrhea and anosmia between groups. Most of group 1
(87.7%), group 2 (65.1%) had mild illness and most of group
3 (45.4%) had severe illness. Sixty-seven of 720 required ICU:
group 1 (14 of 414) 3.3%, group 2 (41 of 284) 14.4% and
group 3 (12 of 22) 54.5%. Group 3 had significantly higher
NLR (P =0.0005), ferritin (P = 0.001), LDH (P = 0.0005) and
CRP (P =0.0005) compared to groups 1 and 2.

Table 2 compares the parameters between survivors and
non-survivors in the study groups. Non-survivors in group
1 had significant higher prevalence of diabetes mellitus (P =
0.04); while it was not significant in group 2 (P = 0.34) and
group 3 (P=0.16). Non-survivors in group 2 had higher preva-
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Table 1. Baseline Characteristics of Study Population

Clinical parameter Group 1 (n =414) Group 2 (n =284) Group 3 (n =22) P value
Age, mean + SD (years) 444 +£15.1 50.1+16.4 582+ 12.1 0.0005
Gender, n (%)
Male 254 (61.4) 149 (52.5) 17 (77.3) 0.012
Female 160 (38.6) 135 (47.5) 5(22.7)
Comorbidities, n (%)
Diabetes mellitus 137 (33.1) 111 (39.1) 13 (59.1) 0.021
Coronary artery disease 21 (5.1 24 (8.5) 1(4.5) 0.188
Hypertension 104 (25.1) 89 (31.3) 10 (45.5) 0.038
Lung disease 15 (3.6) 18 (6.3) 1(4.5) 0.251
Oxygen saturation at admission, mean + SD 974+22 95.9+43 87.3+£13.8 0.0005
Presenting symptoms, n (%)
Fever 307 (74.1) 212 (74.6) 18 (81.8) 0.73
Sore throat 117 (28.3) 62 (21.8) 3(13.6) 0.07
Cough 119 (28.7) 111 (39.1) 10 (45.4) 0.008
Breathlessness 37 (8.9) 69 (24.3) 12 (54.5) 0.0005
Vomiting/diarrhea 32 (7.7) 20 (7.0) 2(9.1) 0.906
Anosmia 19 (4.5) 15(5.3) 1(4.5) 0914
Ageusia 16 (3.9) 7 (2.5) 0 -
Headache 22 (5.3) 9.2 1(4.5) 0.401
Myalgia 57 (13.8) 25 (8.8) 0 -
Fatigue 6(1.4) 8(2.8) 0 -
Severity of illness, n (%)
Mild 363 (87.7) 185 (65.1) 6(27.3) 0.0005
Moderate 39(9.4) 67 (23.6) 6(27.3)
Severe 12 (2.9) 32 (11.3) 10 (45.5)
Investigations, mean + SD
NLR 2.7+3.6 39+5.6 102+12.1 0.0005
Serum ferritin (ng/mL) 175.4 +208.6 263.7 £ 541.1 418.0 +396.6 0.001
LDH (IU/L) 254.1+87.1 311.6 £162.1 456.9 £ 268.1 0.0005
Sodium (mEq/L) 136.5+3.1 135.5+3.9 132.6 £5.9 0.0005
Albumin (g/dL) 4.0+04 3.7+0.5 33+£0.7 0.0005
CRP (mg/dL) 22+3.6 50+7.9 6.5+52 0.0005

SD: standard deviation; NLR: neutrophil to lymphocyte ratio; LDH: lactate dehydrogenase; CRP: C-reactive protein.

lence of hypertension (P = 0.02); while it was not significant
in group 1 (P=10.67) and group 3 (P = 0.79). Non-survivors in
group 1 (P <0.001) and group 2 (P = 0.005) more frequently
required oxygen therapy at hospitalization; while oxygenation
requirement between survivors and non-survivors were not
significantly different in group 3 (P = 0.08).

A total of 284 received anticoagulant therapy with either
unfractionated heparin or low-molecular-weight heparin (145
in mild, 98 in moderate and 51 in severe). None was given
novel oral anticoagulants. Eight of 720 (1.1%) had arterial or
venous thrombosis. Mean age of those with thrombosis was
67.36 (range: 40 - 93) years; six were male. Six patients had
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prior chronic medical illness (diabetes mellitus (n = 3), hyper-
tension (n = 4), chronic kidney disease (n = 2), coronary artery
disease (n = 3), stroke (n = 1), chronic obstructive pulmonary
disease (n = 1)). Mean D-dimer at hospitalization was 2.25
(range: 0.5 - 9.66). Three presented to hospital with features
of arterial thrombosis without symptoms of COVID-19 (two
strokes and one STEMI). Five patients developed thrombotic
events in hospital while on prophylactic anticoagulant therapy
(superior mesenteric artery thrombosis with bowel gangrene
(n=1), arteriovenous (AV) fistula thrombus in a hemodialysis
patient (n = 1), NSTEMI (n = 2) and unstable angina (n = 1)).
There was no deep vein thrombosis or pulmonary embolism.
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No significant difference (P = 0.11) was observed between
median (IQR) D-dimer level among patients who developed
thrombosis (1.34, IQR: 0.573, 1.042 - 1.615) and those who
did not develop thrombosis (0.91, IQR: 0.643, 0.721 - 1.364).
Twenty-nine patients died. Median (IQR) D-dimer among
non-survivors (0.96, IQR: 1.45, 0.56 - 2.01) was significantly
(P <0.001) higher than survivors (0.41, IQR: 0.5, 0.25 - 0.75).
The adjusted odds of death (adjusted for age, gender and comor-
bidities) among those with a six-fold or higher elevation in D-
dimer was 128.4 (95% CI: 14.2 - 446.3, P < 0.001), while odds
of developing clinical thrombosis (adjusted for age, gender and
comorbidities) was 1.96 (95% CI: 0.82 - 18.2, P=0.18).

Discussion

Critical illness is associated with a higher risk of thrombosis
due to various factors such as immobilization, arterial and cen-
tral venous lines, and nutritional deficiencies, etc [16]. How-
ever in COVID-19, hypercoagulable state is also due to a link
between inflammation and thrombosis.

Cytokine storm that is seen in a small proportion of indi-
viduals causes release of interleukins, tumor necrosis factor
and chemokines leading to activation of neutrophils , mac-
rophages and platelets culminating in a prothrombotic state
[17]. There is also a localized coagulopathy in the pulmonary
vasculature due to inflammation in the alveoli, a phenomenon
called microvascular COVID-19 lung vessels obstructive
thrombo-inflammatory syndrome or MicroCLOTS which can
lead to micro-thrombotic complications [18].

Our study observed a 1.1% (8 of 720) in-hospital inci-
dence of clinical arterial or venous thrombosis. We also ob-
served a 45.4% prevalence of severe disease in those with
higher than six-fold D-dimer elevation. The fact that 54.6%
of patients who had higher than six-fold elevation in D-dimer
had no or minimal hypoxia, and occurrence of only one of the
eight thrombotic events (AV fistula thrombosis with D-dimer
of 9.66) indicates that D-dimer may not be an ideal predictor
of clinical thrombosis. Further, we observed that the odds of
death among patients with six-fold or higher elevation in D-di-
mer were much higher and significant than the odds of throm-
bosis (128.4 against 1.96); though, this observation is limited
by the small event rate of our study. Furthermore, published
studies have not elaborated the absolute D-dimer in patients
who developed thrombosis [19].

Seven of eight thrombotic events occurred in patients
who had normal or up to six-fold elevation in D-dimer (mean:
1.19). The mortality among those who developed thrombosis
was 50% (4 of 8) compared to an overall study mortality of
4% (29 of 720). We diagnosed thrombosis based on evalua-
tion following clinical suspicion, and duplex ultrasound sur-
veillance for deep venous thrombosis was not a part of our
protocol. Studies from ICUs using regular assessment with
duplex ultrasound for screening even in the absence of clini-
cal suspicion have observed a higher proportion of deep vein
thrombosis (56.3% vs. 11.0%, P<0.001) [20]. Hence, we may
have underestimated the venous thrombosis in the ICU, and it
is likely that pulmonary embolism may have contributed to the
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overall mortality.

In conclusion, incidence of in-hospital thrombosis was
1.1% with a 50% mortality among the affected. Absolute value
of D-dimer was not a strong predictor of thrombosis; an obser-
vation which implies that dose of anticoagulation should not
be based on absolute D-dimer level. Limitations include the
retrospective nature of the study, absence of a screening proto-
col for asymptomatic deep vein thrombosis. More studies are
required to confirm our observation on occurrence of thrombo-
sis independent of the D-dimer level.
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