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Abstract

Elevated or abnormal levels of coagulation parameters indicate thrombotic disorders that need to
be managed at the earliest to prevent complications and reduce mortality in coronavirus disease
(COVID-19) patients. D-dimer is a product that is a part of fibrin abasement, which can be used as a test
for the diagnosis of thrombotic disorders. Higher D-dimer levels are a strong indicator of mortality in
patients with active COVID-19. This study aimed to determine the relationship between D-dimer levels
and the clinical prognosis of COVID-19 patients. This observational, prospective study was conducted
between April 2020 and September 2020. All patients with COVID-19 infection were considered for this
study, along with their D-dimer values. Patients with higher D-dimer levels and pre-existing morbidities
experienced a longer hospital stay and increased complications when compared to patients without
pre-existing morbidities. Abnormally elevated D-dimer levels were frequently observed upon admission
due to COVID-19 and are analogous to the increased occurrence of critical iliness, thrombotic events,
acute kidney injury, and death. Therefore, D-dimer levels could be a valuable clinical biomarker and
an important indicator of prognosis for patients with COVID-19 with pre-existing morbidities.
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INTRODUCTION

The total cases of coronavirus globally,
as of October 2020, are 44,888,869, and total
deaths occurred 1,178,475; whereas total patients
who have recovered from COVID-19 infection are
43,710,394. In India, 8,088,851 people have been
infected, with 121,090 deaths caused, and the
number of recovered patients was 7,667,761

Coronavirus disease (COVID-19) caused
by severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2), which emerged in China in
December 2019, has spread rapidly across the
globe, and has been declared a pandemic?.
Although there are many general symptoms
associated with COVID-19 infection, the most
common symptoms include moderate to high-
grade fever, dry intermittent cough, soreness
and mild pain in the throat, muscular pain and
weakness, shortness of breath (SOB), vomiting,
and diarrhea®. Infection in humans ranges from
asymptomatic infection to severe respiratory
distress, respiratory arrest, multi-organ failure,
and myocardial infarction. Infected asymptomatic
human carriers of SARS-CoV-2 are the main spread
of the virus across countries*®. Self-isolation and
isolation of symptomatic patients, maintaining
social distance between individuals (who may be
asymptomatic carriers), along with hand hygiene,
wearing masks covering the nose and mouth,
maintaining cough etiquette, and undertaking
individual responsibilities by following certain
norms have been deemed crucial by the World
Health Organization (WHO) for eliminating
contact transmission of the virus®. Most countries,
including India, have adopted a nationwide
lockdown to educate the public about the disease
and to halt community transmission of SARS-
CoV-2. Many studies have been conducted during
the pandemic, and a few studies have reported that
the COVID-19 infection is associated with elevated
levels of various biological markers, which indicate
a poor prognosis among moderate to severely ill
patients. An association between death rate and
elevated inflammatory markers and coagulation
functional indices has been considered, and up on
investigation, a relationship has been established
between them. The most common mechanism
of abnormal coagulation observed in patients
hospitalized with COVID-19 is characterized by

elevated fibrinogen and D-dimer levels’. D-dimer
is the main disintegrating product of fibrin and
is used as a biomarker of fibrin formation and
degradation®. D-dimer has been widely estimated
and investigated for the diagnosis, monitoring,
and treatment of venous thromboembolism ,and
in conditions of chronic inflammation,such as
active malignancy, rheumatoid arthritis, sickle cell
disease, and bronchial asthma® ', Regarding
COVID-19,D-dimer levels have been reported to be
elevated in patients who are terminally ill or those
who succumb to COVID-19 >3, Additionally, 20.6%
to 30% of severe COVID-19 patients are observed
to develop pulmonary embolism (PE)* 3,

MATERIALS AND METHODS

This prospective, observational study was
conducted between April 2020 and September
2020, at Aakash Path lab, Aakash Healthcare
Super Specialty Hospital, Dwarka. Demographic
variables, such as age, sex, and locality/address,
were recorded for the study. We obtained
the history of pre-existing morbidities such as
diabetes mellitus, hypertension, hyperlipidemia,
coronary artery disease (CAD), heart failure,
chronic kidney disease, liver disease, and other
systemic autoimmune diseases. Patient’s taking
medications for the above diseases were noted,
especially patients who were administered
anticoagulants, and data on the duration of the
medications was obtained. All samples received
were classified as COVID-19 positive (Real Time-
Polymerase Chain Reaction-RT-PCR) and COVID-
19samples. Samples for D-dimer were received in
a BD Vaccutainer (blue or light blue top with3.2%
buffered sodium citrate). Samples were collected
time to time and sent to the laboratory within
60 minutes of collection. Hemolyzed samples
were rejected, and repeat samples were asked.
All samples were obtained using a single and
bold venepunture. Samples were centrifuged
and platelet-poor plasma was obtained using a
pipette, and 1 ml of the plasma was transferred
to a labeled sample tube and processed in the
coagulation analyzer. The inclusion criterion was
all (in patients and outpatients)

COVID-19 positive patients with D-dimer
values e 1ng/mL. Samples obtained from catheters,
double venepuncture samples and capillary
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collection samples were excluded from this study.
If the D-dimer test was performed more than once
for a patient, the highest value was considered for
this study. The D-dimer assay was performed using
the | coagulation analyzer ACL Elite with HemosIL
D-Dimer Kits. The positive D-dimer range according
to the manufacturer’s instructions was 140-3250
ng/mL. Patients were categorized into normal d
140ng/mL, 140-500 ng/mL, 500-1000 ng/mL,
1000-2000 ng/mL, and > 2000 ng/mL.
Statistical Analysis

Continuous variables are expressed as
meanzstandard deviation and categorical variables
are expressed as numbers (percentages).A Chi-
squared test were performed for the p-value. P
value of <0.05 was considered significant.

RESULTS

The total number of D-dimer samples
included in this study was 1189 of patients with
RT-PCR positive for COVID-19. There were 728
(61.22%) men and 461 (38.78%) women. The
youngest patient in this study was 16 years old and
the oldest patient was 69 years old; the mean age
was 45.2 years. The redistribution of the cases is
shown in Figure 1. The age distribution of the cases
is presented in Table 1. In this study, the highest

Table 1. Age wise distribution of cases

Age Group Number Percentage
16- 25 years 116 9.76
26-35 years 190 15.97
36-45 years 219 18.42
46-55 years 318 26.75
56-65 years 254 21.36
66-75 years 92 7.74
Total 1189 100

Table 2. D-dimer levels in the patients

number of COVID-19 positive cases belonged in
the age group 46-55 years and the lowest was
in the age group 66—75 years. D-dimer levels are
shown in Table 2. Most patients (397 patients,
33.39 %) had D-dimer levels of 140-500 ng/mL
and only 24 patients had normal D-dimer levels.
In this study, patients with pre-existing
morbidities were taken into consideration and
their D-dimer levels were shown in Table 3.
Patients that were intaking anticoagulants were
also considered, and their D-dimer levels are
compared and tabulated in Table 4. We observed
that D-dimer levels were higher in patients with
COVID-19 infection and pre-existing morbidities
than that in COVID-19 patients without pre-
existing disease. It was also observed that although
patients on anti-coagulation therapy for various
preexisting conditions showed an almost similar
mean + SD D-dimer value, the Chi-squared test
showed a significant association (p<0.05).This
shows that elevated D-dimer levels are partially
independent of anticoagulation therapy.

In regard to the duration of hospital stay,
we found that patients with higher D-dimer levels
required a longer hospital stay (Table 5); some
patients developed critical illnesses, acute kidney
injury, thrombosis, and even died due to COVID-
19infection and underlying diseases.

Up on assessing the clinical outcomes of
COVID-19 patients, we found that the majority of
the patients recovered well from the COVID-19
infection without any complications (698 cases,
58.70%), some recovered with minor complications
(272 cases,22.88%), few developed critical
illnesses and recovered (92 cases, 7.74%), while
some developed thrombosis (56 cases,4.70 %),and
acute kidney injury (16 cases, 1.34 %);death also
occurred in some cases(55 cases, 4.62%). Mortality

D-Dimer levels (Mean + SD) Number of Percentage
patients

<140 ng/mL (87 +16 ng/mL) 24 2.02
140-500 ng/mL (428 + 74 ng/mL) 397 33.39
500-1000ng/mL (863 + 162 ng/mL) 298 25.06
1000-2000 ng/mL (1429 + 241ng/mL ) 301 25.31
>2000 ng/mL 169 14.22
Total 1189 100
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was observed in cases with high D-dimer levels
and respiratory support for more than 10 days
(Figure 2). Most of the critical illness and mortality
occurred in patients with pre-existing diseases,
such as chronic kidney disease, hypertension,
diabetes, liver disease, and heart failure. An
increased risk of complications was observed
in patients with elevated D-dimer levels when
compared to the normal D-dimer levels at the time
of admission.

DISCUSSION

Hypercoagulation is a pathological
condition that leads to clot formation quicker
than normal physiological processes. Acquired
hypercoagulation is caused by a disease or other
systemic diseases, while inherited coagulation is
caused by genetic abnormalities or gene defects.
The risk of hypercoagulation is higher in smokers,
dehydrated individuals, elderly people, surgery
or trauma, human immunodeficiency virus
(HIV) infection, cancer, hormone replacement
therapy, diabetes mellitus, atrial fibrillation, heart

Table 3. D-dimer levels comparison with pre-existing disease

Pre-Existing Disease

Number of Patients

D-dimer Levels Higher or Lower compared

(Percentage (Mean + SD) to NO pre-existing disease
out of 1189)
Diabetes 49 (4.12) 1396 + 260 ng/mL  Higher when compared
Hypertension (HTN) 268 (22.54) to NO Pre-Existing
Hyperlipidemia/ Dyslipidemia 154 (12.95) DiseasepValue <0.05
Chronic Renal/Kidney Disease (CKD) 24 (2.02)
Liver disease 85 (7.15)
Heart Failure 33 (2.78)
Coronary Artery disease (CAD) 28 (2.36)
Autoimmune Diseases 76 (6.40)
NO Pre-Existing Disease 473 863 + 162 ng/mL Lower when compared

to Pre-Existing
DiseasepValue <0.05

Table 4. D-dimer levels comparison with anti-coagulation therapy

Number of patients D-dimer Levels P Value
(Percentage) (Mean % SD)
Anti-Coagulation therapy 515 (43.32) 1092 + 194 ng/mL <0.05 (Significant)
for Pre-Existing Disease
No Anti-Coagulation therapy 674 (56.68) 863 + 162 ng/mL <0.05 ( Significant)

Table 5. Hospitalization and D-dimer levels

Hospitalization Number of Patients

D-Dimer Levels

(Percentage)
Outpatients 401 (33.72) <500 ng/mL
1-5 DAYS 265 (22.29) 500 to 1000 ng/mL
6-10 DAYS 209 (17.58) 1000 to 1500 ng/mL
11-15 DAYS 168 (14.13) 1500 to 2000ng/mL
16-20 DAYS 146 (12.28) >2000 ng/mL
Total 1189 (100)
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disease, and heart failure. Hypercoagulation leads
to clot formation at any location in the body
and can sometimes belief-threatening. Deep
vein thromboses, stroke in the heart or brain,
pulmonary embolism, peripheral artery disease,
and kidney failure are some of the fatal events
that can occur due to hypercoagulation.

The clinical path of patients infected
with COVID-19 is highly fluctuating. The risk
grouping of comorbidities in COVID-19-positive
cases and considering biological markers such
as D-dimer, interleukin-6, and serum ferritin
levels help in predicting clinical deterioration and
the prognosis of patients. Several studies have
reported the possible role of D-dimer level as a

Fig.1. Gender distribution of cases

1400

COVID-19 biomarkers and an important indicator
for prognosis* ',

In this study, the mean age (45.2 years)
and sex distribution (males, 728 (61.22%); females,
461 (38.78%)) was consistent with the findings of
Sharp et al., where males and females comprised
60.78% and 39.22% of the study population,
respectively®?’,

Of the 1189 patients, 1165 patients
(97.98%) had mild to severe elevation of D-dimer
levels from the day of hospital admission to the
day of discharge. This number is higher when
compared to the study conducted by Berger et al.,
where D-dimer elevation was observed in 86% of
the study population®®. The increased percentage
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Fig. 2. Chart showing clinical results in patients with abnormal D-dimer
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in this study may be due to late presentation of
the patient, late start of treatment, or the severity
of symptoms.

In the present study, the elevation
of D-dimer level was higher in patients with
pre-existing morbidities such as hypertension,
diabetes, liver disease, heart failure, and kidney
disease. The mean SD D-dimer levels in the
COVID-19 positive cases with pre-existing disease
were1396 + 260 ng/mL when compared to the
mean SD of 863 = 162 ng/mL in patients without
any pre-existing disease. This statement is
consistent with the literature stated by Wand et
al. and Richardson et al. * .

Patients with higher D-dimer levels
experienced a longer hospital stay when compared
to patients with normal or mild elevation of
D-dimer. Patients with normal and mildly elevated
D-dimer levels were treated on an outpatient
basis or hospitalized for less than 5 days and
recovered well without complications. This finding
is consistent with the findings of Berger et al.,
Ayanian et al., and Namangan et al. 1820 2%,

Up on assessment of the clinical outcomes
of COVID-19 patients, it was found that the
majority of the patients recovered well from the
COVID-19 infection without any complications
(698 cases, 58.70%), recovered with minor
complications (272 cases,22.88 %), few developed
critical illnesses and recovered (92 cases, 7.74%),
thrombosis was observed in some cases (56
cases, 4.70 %), along with acute kidney injury (16
cases, 1.34 %), and mortality (55 cases, 4.62%).
These findings are also consistent with previous
studies done by the authors Berger et al., Ayanian
et al., Naymagon et al., Garcia-Olive et al., and
Mouhat et al., where in the authors reported that
complications, critical illness, thrombosis, and
mortality are more common in COVID-19 patients
with pre-existing morbidities and high D-dimer
levels®2021.2223  According to Berger et al., the
results of patients with elevated D-dimer levels
at the time of admission were very indigent, with
45% being critically ill, 20% having thrombosis,
and 43% with acute kidney injury*®. The soaring
thromboembolic risk in COVID-19 patients could
be increased by a pro-coagulant state, causing
severity of infection, increased inflammatory
response, and liver derangement?*28,

CONCLUSION

D-dimer levels and its trends during the
course of COVID-19 infection can guide clinicians
in recognizing patients who are at a higher risk of
poor prognosis. COVID-19 patients with increasing
D-dimer levels are associated with a significantly
higher risk of complications, critical illness, need
for mechanical ventilation, and mortality.
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