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Abstract

BACKGROUND: Coronavirus disease 2019 (COVID-19) can cause coagulation parameters abnormalities such as
an increase of D-dimer levels especially in severe cases.

AIM: The purpose of this study is to determine the differences of D-dimer levels in severe cases of COVID-19 who
survived and non-survived and determine the optimal cutoff value of D-dimer levels to predict in hospital mortality.

METHODS: Data were obtained from confirmed COVID-19 patients who were treated from June 2020 to September
2020. The Mann-Whitney U test was used to determine differences of D-dimer levels in surviving and non-surviving
patients. The optimal cutoff value and area under the curve (AUC) of the D-dimer level in predicting mortality were
obtained by the receiver operating characteristic curve method.

RESULTS: A total of 80 patients were recruited in this study. Levels of D-dimer were significantly higher in non-
surviving patients (median 3.346 pg/ml; minimum-maximum: 0.939-50.000 ug/ml) compared to surviving patients
(median 1.201 pg/ml; minimum—maximum: 0.302-29.425 ug/ml), p = 0.012. D-dimer levels higher than 1.500 pg/
ml are the optimal cutoff value for predicting mortality in severe cases of COVID-19 with a sensitivity of 80.0%;
specificity of 64.3%; and AUC of 0.754 (95% CI 0.586-0.921; p = 0.010).

under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (CC BY-NC 4.0)

Introduction

Coronavirus disease 2019 (COVID-19) has
spread globally. There have been more than 30 million
confirmed cases with more than 600 thousands of
deaths until September 2020 [1]. Risk stratification is
necessary to provide faster and more precise patient
management. Laboratory markers that can predict
mortality are needed, so the risk stratification in COVID-
19 patients can be done.

D-dimers are derived from cross-linked fibrin
lysis which indicates the activation of the coagulation
and fibrinolysis processes. In clinical practice,
D-dimers are used to rule out pulmonary embolism
or deep vein thrombosis (DVT) [2]. Coagulation
function abnormalities occur in severe COVID-
19 cases and are associated with an increased risk
of mortality [3], [4]. Rapid deterioration of clinical
conditions occurs in patients with significant elevation
in D-dimers [5]. Pulmonary embolism should be
considered in patients with respiratory distress, a rapid
decrease in oxygen saturation (SpO2), and a rapid
decrease of blood pressure [6].

This study aims to determine the difference
of D-dimer levels in severe patients of COVID-19 who

CONCLUSIONS: D-dimer levels can be used as a predictor of mortality in severe cases of COVID-19.

survive and non-survive and the optimal cutoff value of
D-dimer level to predict mortality.

Methods

Study participants and design

This study is a prospective study conducted at
the Udayana University Hospital, Bali, Indonesia, which
is designated as a hospital that specializes in treating
COVID-19 patients in Bali province. The diagnosis
of COVID-19 is based on a nasopharyngeal swab
examination using the real-time reverse transcriptase-
polymerase chain reaction method. The criteria for severe
COVID-19 cases are based on interim guidelines issued
by the World Health Organization, including patients with
pneumonia clinical signs such as dyspnea, cough, fever,
and rapid breathing, plus one of the following: Severe
respiratory distress, respiratory rate more than 30
breaths per minute, or partial SpO2 <90% in room air [7].
Patients under 18 years old and pregnant patients were
not recruited in this study. This study has been approved
by the Committee of Ethics of the Medical Faculty of
Udayana University (1010/UN14.2.2.VI1.14/LT/2020).
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Table 1: Epidemiological characteristics, complete blood count, and coagulation profile

Variable Median (minimum-maximum)
All patients (n = 80) Survivors (n = 70) Non-survivors (n = 10) p-value

Age, years 56.0 (22-82) 54.0 (22-82) 62.5 (44-72) 0.386
Sex

Male (%) 60 (75) 52 (74.3) 8 (80) 0.521

Female (%) 20 (25) 18 (25.7) 2 (20)
Hemoglobin g/dI 13.3(7.9-17.1) 13.3(7.9-17.1) 13.4 (11.6-15.2) 0.668
Leukocytes, x10° uL 7.89 (3.81-17.25) 7.57 (3.81-15.98) 9.75 (6.63-17.25) 0.035
Neutrophil, x10° L 5.81 (2.56-15.50) 5.77 (2.56-13.78) 8.11 (5.03-15.50) 0.019
Lymphocyte, x10° pL 1.02 (0.28-5.70) 1.04 (0.28-5.70) 0.70 (0.31-1.53) 0.367
Monocyte, x10° uL 0.59 (0.05-1.64) 0.57 (0.15-1.64) 0.65 (0.05-1.15) 0.517
Platelet, x10° pL 274 (95-672) 272 (95-672) 275 (195-446) 0.684
NLR 5.84 (1.40-32.94) 5.56 (1.40-32.94) 9.31 (5.19-29.8) 0.018
D-dimer, ug/ml 1.307 (0.302-50.000) 1.201 (0.302-29.425) 3.346 (0.939-50.000) 0.010
APTT, second 25.80 (18.80-47.70) 26.60 (18.80-47.70) 24.70 (18.80-41.00) 0.624
PT, second 8.90 (8.10-23.7) 8.90 (8.10-10.00) 9.20 (8.50-23.70) 0.033
INR 0.87 (0.81-1.97) 0.87 (0.81-0.96) 0.92 (0.83-1.97) 0.007

NLR: Neutrophil to lymphocyte ratio, PT: Prothrombin time, INR: International normalized ratio, APTT: Activated partial thromboplastin time.

Data collection

Data were obtained through patient medical
records, including clinical, epidemiological, and
laboratory data, then the patient was followed and
the clinical outcome was recorded whether survival
or non-survival. Blood samples were obtained when
the patient was admitted to the hospital. Examination
of D-dimer levels in this study used an automatic
coagulation analyzer Sysmex CS 5100, Japan. The
levels of D-dimer are expressed in pug/ml fibrinogen
equivalent unit.

Statistical analysis

Categorical variables are expressed in
percentage while numerical variables are presented in
the median (minimum-maximum). We divided patients
into two categories: Non-survivors and survivors.
The Mann-Whitney U test was used to determine
differences in numerical variables and Fisher’s exact
tests were used for categorical variables. The optimal
cutoff value, area under the curve (AUC), sensitivity, and
specificity of D-dimer levels in predicting mortality were
obtained by the receiver operating characteristic curve
(ROC) method. The results obtained were statistically
significant if p < 0.05. The Statistical Package for the
Social Sciences version 18.0 software is used for
statistical calculations.

Results

Epidemiological characteristics, complete
blood count, and coagulation parameters

A total of 80 patients were recruited in this
study. Table 1 shows epidemiological characteristics,

complete blood count, and coagulation parameters.
A total of 70 patients (87.5%) survived, while ten
patients (12.5%) did not survive. There were significant
differences in leukocytes, absolute neutrophil count,
neutrophil to lymphocyte ratio, prothrombin time,
international normalized ratio, and D-dimer in surviving
and non-surviving patients. Meanwhile, there were no
significant differences in age, sex, hemoglobin levels,
absolute lymphocyte and monocyte count, platelets,
and activated partial thromboplastin time.

Optimal cutoff values, sensitivity,
specificity, and area under curve

Using the ROC method, we found the optimal
cutoff value for levels of D-dimer to predict mortality
was above 1.500 ug/ml, with 80.0% sensitivity, 64.3%
specificity, and AUC 0.754 (95% CIl 0.586-0.921;
p = 0.010) (Figure 1 and Table 2).
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Figure 1: The receiver operating characteristic curve analysis to find
the diagnostic value of D-dimer, prothrombin time, and international
normalized ratio to predict mortality in severe cases of coronavirus
disease 2019

Table 2: Diagnostic values of D-dimer, PT, and INR to predict mortality in severe cases of COVID-19

Variable Cutoff value Sensitivity, % Spesificity, % AUC 95% confidence interval p-value
D-dimer, ug/ml 1.500 80.0 64.3 0.754 0.586-0.921 0.010
PT, second 9.0 70.0 64.3 0.707 0.524-0.890 0.035
INR 0.87 80.0 70.0 0.763 0.591-0.935 0.007
NLR 6.8 70.0 60.0 0.733 0.594-0.872 0.018

NLR: Neutrophil to lymphocyte ratio, PT: Prothrombin time, INR: International normalized ratio
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Discussion

This study found that levels of D-dimer were
significantly higher in non-surviving compared to
surviving patients. This is in accordance with the study
of Tang et al. who found that there was a significant
difference in D-dimer levels in non-surviving versus
surviving patients [3]. Abnormalities of coagulation
function parameters such as elevated D-dimers are
associated with disease progression [8]. The cohort
study showed that coagulation function parameters such
as PT and D-dimer were significantly elevated in severe
COVID-19 which means that impaired coagulation
function is associated with severity of the disease [6].
D-dimer levels were also significantly higher in patients
treated in intensive care unit (ICU) compared to non-
ICU patients [9]. Elevated D-dimer levels are also
associated with mortality and administration of the low
molecular weight heparin therapy can reduce the rate of
mortality [10]. Agreater precaution for thromboembolism
should be given to severe COVID-19 patients who are
immobilized and have abnormal coagulation function
parameters [9], [11].

This study found that level of D-Dimer higher
than 1.500 ug/ml is the optimal cutoff value for predicting
mortality in severe cases of COVID-19. A study by
Zhang et al. found that levels of D-dimer on admission
to the hospital of more than 2.0 ug/ml were a predictor of
mortality. Hence, in patients with an increase in D-dimer
above 2 ug/ml or 4 times the normal value, close care
and monitoring are required in the hospital even though
they do not show severe symptoms [5]. This is in
accordance with the guidelines for the management of
coagulopathy in COVID-19 issued by the International
Society of Thrombosis and Hemostasis [12]. A study
by Zhou et al. on 191 patients of COVID-19 found that
D-dimer levels of more than 1 ug/ml on admission were
associated with mortality [4]. Levels of D-dimer of more
than 1.570 ug/ml in patients of COVID-19 are associated
with asymptomatic DVT [13].

D-dimers are a less specific marker for
assessing the occurrence of thrombosis [2]; however,
D-dimer can be used to predict prognosis in patients
of COVID-19 [5], [14]. Elevated levels of D-dimer
are an indication of a hypercoagulable state in
COVID-19 patients. This can be caused by several
factors; the viral infection itself can cause an aggressive
inflammatory response [15]. Increase in inflammatory
cytokines can activate the fibrinolysis system in the
alveoli [16]. Inflammation can also cause endothelial
cell dysfunction which will increase the formation
of thrombin [17]. Hypoxia that occurs in severe
COVID-19 patients can stimulate thrombosis due to
increased blood viscosity [18]. Severe COVID-19 patients
who are hospitalized are mostly elderly, with comorbid
diseases, reduced mobility, and with invasive therapy,
all of which are risk factors for thrombosis [19], [20], [21].

Elevated of D-dimer levels in patients with COVID-19
can also be caused by sepsis-induced coagulopathy and
disseminated intravascular coagulation [22]. However,
the study by Yu et al. found that levels of D-dimer were
correlated more with inflammatory markers and there is
no significant correlation between levels of D-dimer and
venous thromboembolism scores. This suggests that it
is not appropriate to administer anticoagulant therapy
based solely on D-dimer levels in COVID-19 patients.
Mismatch between levels of D-dimer and inflammatory
markers such as high-sensitivity c-reactive protein
(hsCRP) can be used as an indicator of the need for
anticoagulant therapy [23].

This study has several limitations, including it
being a relatively small sample and a single center study
although it can provide statistically significant results.
Some patients were not recruited in this study because
they did not have their D-dimer levels on admission.
The disease onset is different for each patient, so it may
affect the D-dimer level that is checked at the time the
patient is admitted to the hospital.

Conclusions

Levels of D-dimer were significantly higher
in non-surviving patients of COVID-19 compared to
survivors. D-dimer levels of more than 1.500 ug/ml are
associated with a higher chance of mortality, so it can
be used as a biomarker to increase alertness in the
management of severe COVID-19 patients.
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