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D-DIMER - as a biomarker for severity of COVID-19
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Abstract

Objective: To see the association of D-dimers with the prognosis of covid-19.

Material & Methods: This Retrospective Cross-sectional study was done at Benazir Bhutto hospital Rawalpindi during May —June
2020 obtaining a sample of 200 patients. All those patients being admitted in COVID ward were assessed on the basis of D-dimers
and their 28-day outcome. Ethical approval was solicited from the Institutional Research Forum of Rawalpindi Medical University.
Results: The study yielded 200 participants in which the patients with moderate severity of the disease had a mean age of
40.3316.65, that with severe disease had a mean age of 53.18+12.1 and critical patients had a mean age of 56.67+14.79. The
disease severity is significantly related to increased mean age of the patient (p = 0.050). Mean serum ferritin levels in patients with
moderate disease was 235.67+22.27 micrograms per liter, the patients with severe disease had mean value of 760.75+574.63
micrograms per liter and critical patients had a mean ferritin level of 974.10+773.85 micrograms per liter. This revealed that the
ferritin levels increased significantly in patients with severe disease. Our findings establish a consistent increase in the levels of D-
dimers with increasing severity of the disease, from mild to severe to critical patients.

Conclusion: D -Dimers are important predictors of prognosis and disease severity which can be utilized to evaluate the treatment
outcomes in COVID-19 infection. Further studies are recommended to find out the cut-off value of D-dimers as a biomarker of
disease severity.
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Introduction

Covid-19 disease is a global pandemic caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)." It
was initially identified in city of Wuhan in December 2019.2
World Health Organization declared corona virus as a
pandemic on 11 March 2020.3 It is a virus of zoonotic origin
thought to be transmitted by air borne route. Symptoms of
COVID-19 can be relatively non-specific; most common
symptoms are fever, dry cough, sore throat, shortness of
breath, myalgias, abdominal pain, diarrhea, loss of sense of
smell and taste.# Approximately one in five patients who
become symptomatic become critical and suffer breathing
difficulties, persistent chest pain, sudden confusion, difficulty
waking, and bluish face or lips. Complications include

pneumonia, acute respiratory distress syndrome, sepsis,
septic shock, and kidney failure.5 Covid-19 related
complications are associated with high mortality rate.

Researchers all over the world are trying their best to identify
its causative factors, patho- physiology and treatment
modalities. Retrospective cohort studies carried out in China
showed significant mortality and morbidity associated with
high D-dimers value in admitted patients.6 COVID related
acute respiratory distress syndrome (ARDS) showed a pro
coagulant pattern and this state depicted significant mortality
with pulmonary embolism. Covid-19 infection triggered a
inflammatory cytokine response which initiated a thrombotic
state. It was observed in many studies mortality was reduced
by anticoagulation with Low Molecular Weight Heparin
(LMWH). The coagulation abnormalities seen in COVID are
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different from that seen in DIC (sepsis). In DIC,
thrombocytopenia is a key finding along with elevated
clotting time. However, in cohorts non-surviving patients had
an average platelet count and a pro thrombin time which falls
within the normal range. It thus may be more likely that local
rather than disseminated thrombin generation is at play in
COVID-19 patients.™

The main aim of our study was to see the association of D-
dimers with the prognosis of covid-19. Our study investigated
COVID patients and role of D-dimers in their mortality and
morbidity. There is lack of international & local studies,
therefore our study will have a huge impact on researchers
and the national data base.

Materials and Methods

This Retrospective Cross-sectional study was done at
Benazir Bhutto hospital Rawalpindi, which was nominated by
Punjab government as COVID Dedicated Unit. Sampling
technique used was consecutive sampling. Total sample size
obtained was 200 patients. All those patients being admitted
in COVID wards during 2 months May- June 2020 were
assessed on the basis of D dimers and their 28 day
outcome. As d dimers is an easy and inexpensive test was
used a screening tool for risk stratification of Covid-19
patients.

Cases of coronavirus infection were confirmed by RT-PCR.
A patient diagnosed as COVID-19 on the basis of ABI 7500
Real Time RT-PCR detection system after RNA extraction
(Qiagen Viral RNA Mini Kit) with internal and external
positive controls, using the SARS-CoV-2 protocol.

Inclusion and exclusion criteria: Confirmed COVID-19 cases
were included in our study whereas pregnant women,
patients having any hematologic malignancy, chronic liver
disease, acute coronary syndrome, surgery or trauma within
30 days and patients without D-dimer testing upon admission
were excluded from our study.

Demographic, clinical lab data and outcome (survival or
death) was collected form patient records and recorded on
self-designed performa. Disease Severity was be defined as
per WHO criteria into moderate, severe, critical with ARDS
and Critical with Sepsis/Septic shock. Patients were grouped
into two: group A (D-dimer < 500ng/ml) and Group B (D-
dimer = 500ng/ml)

Data was analyzed via SPSSv25.0. Numerical data was
represented as mean and standard deviation. Independent
sample t test was used to compare difference of means of
numerical variables across severity of the disease according
to WHO criteria. Categorical variables were represented as
frequencies (%). Distribution of frequencies across severity

was compared by Chi-Square test. ROC curve was plotted to
determine the cut-off point for D-Dimer to predict mortality.

Ethical approval was solicited from the Institutional Research
Forum of Rawalpindi Medical University before securing
access to patient data.

Results

The study yielded 200 participants with a mean age of
53.82+12.94 years. On the basis of stratification of severity,
the patients with moderate severity of the disease had a
mean age of 40.33+6.65, that with severe disease had a
mean age of 53.18+12.1 and critical patients had a mean
age of 56.67+14.79. The disease severity is significantly
related to increased mean age of the patient (p = 0.050). At
the time of admission, the patients with moderate disease
had a mean SpO, of 94.67+1.15%, patients with severe
disease had a mean SpO; of 80.79+6.39%, and critical
patients had a mean SpO; of 70.43£15.46%. The mean
oxygen saturation at the time of admission decreased with
increasing severity (p = 0.000). The patients with moderate
disease had a mean arterial partial pressure of oxygen (pO2)
of 66.67+£6.61 mmHg, patients with severe disease had a
mean pO, of 58.19+9.45 mmHg, and critical patients had a
mean pO, of 44.54+10.21 mmHg. The mean partial pressure
of oxygen showed a decline with increasing severity (p =
0.000). Regarding mean arterial partial pressure of carbon
dioxide in the patients, the patients with moderate disease
had pCO, of 34.67+6.61 mmHg, patients with severe
disease had a mean pCO; of 27.35+5.92 mmHg, and critical
patients had a mean pCO; of 25.06+3.99 mmHg. The mean
partial pressure of carbon dioxide showed a decline with
increasing severity (p = 0.002). Mean serum ferritin levels in
patients with moderate disease was 235.67+22.27
micrograms per liter, the patients with severe disease had
mean value of 760.75+574.63 micrograms per liter and
critical patients had a mean ferritin level of 974.10+£773.85
micrograms per liter. This revealed that the ferritin levels
increased significantly in patients with severe disease. Upon
investigating the levels of C-Reactive protein, mean serum
CRP levels in patients with moderate disease was
235.67+22.27 mg/L, the patients with severe disease had
mean value of 760.75+574.63 mg/L and critical patients had
a mean ferritin level of 974.10+773.85 mg/L (Table I, II).

Table I: Study variables and their severity along with p-value

Study variables n) (%) Severity p-
value
Gender
Male 126 63 1 96 29 126 0.496
Female 74 37 2 53 19 74
Shortness of Breath
Yes 179 895 2 134 43 179 0429
No 21 10.5 1 15 5 21
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Fever No 4 20 1 16 22 99
Yes 100  50.0 177 22 100 0.659 Ivermectin Therapy
No 100 500 2 72 26 100 Yes 117 585 3 98 16 117 0.000
Cough No 83 415 0 51 32 83
Yes 46 23.0 177 22 100 0.494 Tocilizumab Therapy
No 154 770 2 72 26 100 Yes 25 125 0 20 5 25 0692
Sore Throat No 175 875 3 129 43 175
Yes 19 9.5 0 17 2 19 0.282 Heparin Therapy
No 181 905 3 132 46 181 Yes 177 885 3 134 40 177 0377
Diarrhea 115 0 15 8 23
Yes 1 55 1.6 4 11 0.057 Outcome
No 187 935 2 141 44 187 Expred 36 180 0 0 36 36  0.000
Diabetes Mellitus Improved 160 800 3 148 9 160
Yes 94 470 2 62 30 94  0.033 Crcal 4 20 0 1 3 4
No 106 530 1 87 18 106 Severity
Hypertension Moderate 3 15
Yes 94 470 0 73 21 94 0212 Severe 149 745
No 106 530 3 76 27 106 Critcal 48 240
Ischemic Heart Disease
Yes 37 185 0 27 10 37 0648 i i
No 163 815 3 122 38 163 Discussion
Chronic ObStr‘:(‘géve P“""‘;"ary Df;’ase T Laboratory Hemostasis is believed to provide a very strong
No 191 955 3 143 45 191 evidence in screening, definitive diagnosis and prognosis of
Asthma = T3 many human pathologies."® Measuring the levels of D-
No 189 945 3 140 46 189 dimers is one of them. D-dimers are the products of fibrin
Rheumatoid Arthritis degradation, which serve as a biomarker in a lot of diseases
Yes 3 15 0 3 0 3 059 ated with lopathi :
No 197 985 3 146 48 197 associated with coagulopathies e.g. in coronary artery
Chronic Kidney Disease atherosclerosis, disseminated intravascular disease and
Yes 7 35 0 5 2 7 0914 o 11 P
No % %5 3 1M 45 19 \/lenglus Thrombpembohsm. Pdlmer Igvels have Played a
Hepatitis B/C Infection significant role in the evaluation of patients suffering from
Yes 7 35 0 6 1 7 0773 ; : ia12 ;
No 9 s 3 13 1 1% Community Acquwgd Pneumonia’2, 2009 novel |anuer?z.a A
Hypothyroidism (HIN1)® and various other members of Coronaviridae
Yes r 35 0 5 2 7 0913 family. Covid-19 has also been associated with an increased
No 193 965 3 144 46 193 . .
PCR risk of Venous Thromboembolism.415-16  Hence, the
Posiive 152 760 3 108 41 152 0.117 coagulopathy involved in Covid-19 infections can serve as a
Negative 48 240 0 41 7 48 . . . 17
Arterial Blood Gases (ABG) Interpretation major determlnar)t of disease prognosis. The Ievgls of D-
Normal 68 340 dimers are consistently elevated in patients suffering from
’1*‘:““" respiratory Failre 126 63.0 Covid-19.181920 |n this study, we aimed to explore the
Acute respiratory Failure 2 1.0 association of D-dimer levels with disease severity of Covid-
2 19
Compensated/Chronic 4 2.0 '
gii‘;z:‘:,rlyosva"ure Our findings establish a consistent increase in the levels of
Normal 110 550 D-dimers with increasing severity of the disease, from mild to
t"ghFFI'OW gg ?gg severe to critical patients (Table 1). The severity of these
OW Flow A . . . .
Oxygen Support Device patients depended on the duration for which these patients
HRB'\l/' ;08 ?4-0 remained in the hospital under care. A strong association
asa 5 .
canula was established between these two (Eta sq. 0.128). Many
BIPAP 8 40 studies concluded the increasing levels of D-dimers to be
,f,lzcsi 2. 210 associated with severity of Covid patients. Huang et al.
Ventilator 30 15.0 studies the data of 41 patients and reported a five-fold
None 8 4.0 ; ; " : fan- . .
Wethyiprednisolone Therapy increase in critical patients (medlan... 2.4 mglL; IQR. 0.6
Yes 101 505 2 73 26 101 0702 14.4 mg/L) as compared to the non-critical ones (median:
No 99 495 1 76 22 99
Dexamethasone Therapy
Yes 156780 2 73 26 101 0.151
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Table Ii: Biological plausibility and pathogenesis behind increased D-dimers in Covid-19

Age SP 0; at pH p02 pCO HCO* Ferritin CRP LDH D- 0.
Admission 2 Dimers Requirement
Mean 53.82 78.65 7.6 55.0 26.9 22.75 804.08 161.8 630.38 778.94 10.98
2 6 1 4
SD 12.94 10.53 43 113 5.63 5.06 632.66 183.5 449.21 615.02 8.30
6 0 6

0.5mg/L; IQR: 0.3-0.8 mg/L; p =0.004).2" Another study
was performed by Zhou et al. (16). He reported a nine-fold
increase in patients who died of Covid (median: 5.2 mg/L;
IQR: 1.5-21.1 mg/L) than in those who survived (median:
0.6 mg/L; IQR: 0.3-1.0 mg/L; p <0.001). Tand et al. 22 and
Wang et al.2® also had consistent findings as ours. Moreover,
irespective of age, BMI, sex, Hypertension or Diabetes,
increased coagulation biomarkers in Covid patients
invariably required an increased Oxygen supply, which again
can be linked as increased severity in patients having
adverse coagulopathies.24

The underlying biological plausibility and pathogenesis
behind increased D-dimers in Covid-19 can be understood
by the disease triggering an inflammatory response. Covid-
19 is associated with increased acute phase reactant
proteins e.g. CRP, as shown in Table Il of our findings. Other
studies also show a consistent increase in CRP levels with
an associated mortality rate of 30 days in coronavirus
patients.2> In  the consequence of inflammation,
proinflammatory cytokines such as Interleukin 1 (IL-1),
Interleukin 6 (IL-6) and tumor necrosis factor-a (TNF-a) are
elevated [20]. This results in a cytokine storm that triggers
monocytes and macrophages to express tissue factor which
leads to thrombin generation.26 There is also an endothelial
damage which results in increased plasma concentrations of
tissue-type plasminogen activator (t-PA), up to six-fold
increase.?’ This explains the increased levels of D-dimers in
Covid-19 patients. Moreover, an accompanied increase in
metalloproteinases  explains the extracellular matrix
modification, resulting in capillary damage and pulmonary
edema. The remarkable fibrinolytic profile of Covid patients
has also been explained by the studies performed in mice.2
However, it is noteworthy that increased fibrinolytic profile
can still not be translated as DIC or hyper fibrinolytic state.
Although coagulopathy may reflect some similar findings, but
Covid coagulopathy has a very complex etiology, resulting
from intricate interactions between the immune system and
coagulation system in the host.29

Limitations: There are a few limitations in our study that
need to be known. Firstly, the burden of the pandemic itself
and an emergency situation in Pakistan has hindered the
practicality of Cohort, Case-control or Randomized Control
Trial- which could have provided a greater pool of Clinical
and Lab findings; making even better associations possible.

Secondly, we cannot exclude the strong association of
confounding factors with coagulopathies- hence a stratified
analysis of these confounders can give us a better picture of
using D-dimers as a prognostic marker in Covid-19 patients.
Moreover, limitations in the measurement of plasma D-dimer
concentration may also exist at the level of Laboratory
methods and skills involved at human level.%0

Conclusion

COVID-19 infection is characterized by hypercoagulability,
inflammation, and multi-organ damage mediated by
cytokines. These pathologies are manifested by appearance
of several acute phase proteins and inflammatory markers in
the serum. The levels of these biomarkers are variable in
various stages of COVID-19 infection in relation to severity.
The prognosis can be predicted by these serum biomarkers.
In this study, D-dimers are measured in patients at various
stages of disease severity. D-dimers are important predictors
of prognosis and disease severity. These biomarkers can be
utilized to evaluate the treatment outcomes in COVID-19
infection. Further studies are recommended to find out the
cut-off value of D-dimers as a biomarker of disease severity.
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