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Abstract

Introduction: Although D-dimer was reported to be elevated in COVID-19 death, few studies about changes in serial D-
Dimer Levels with different severity of illness. Early prophylactic anticoagulation contributes to improve patient outcomes
in COVID-19, the perception of timing of anticoagulant treatment is mixed. Methods: Retrospective analysis of 38 severity
COVID-19 patients, compared changes in serial D-Dimer Levels between low-flow oxygen therapy and higher concentration
oxygen therapy. Patients were stratified into two groups distinguished by D-Dimer value in start of anticoagulation treatment,
definition D-Dimer=3mg/L of a cut-off value. Compare the improvement within 7 and 14 days, the time to the first appearance
of improvement with chest CT and the days of hospital stay between two groups. Results: A total of 38 severe patients who
accept anticoagulant therapy were enrolled into the study from consecutive 59 confirmed cases. Regression analysis showed
that compared to those D-Dimer[?]3mg/L, patients with higher D-Dimer increase the risk (OR=15.697, Pj0.001) to develop to
further severe illness. The difference of patient’s improvement within 14 days (P=0.043) was much more significant compared to
7 days (P=0.757) in two groups. The days at the time of CT imaging improvement were 12.1+3.6 days in the D-Dimer[?]3, while
16.24-6.4 days in D-Dimer;3 (p=0.028). The hospital stays in the two groups were 27 (25.5-30.5) days and 28 (27-36.5) days
separately (p=0.086). Conclusions: D-dimer is available for the evaluation of illness condition and the timing of anticoagulant

therapy in severe COVID-19, and its role should not be ignored and required further study.

Introduction

COVID-19! has spread around the world. With the efforts of various countries and international organiza-
tions, the epidemic has gradually controlled, but there are still no specific drugs for COVID-19. Improving
symptoms and preventing further exacerbation of the disease has become critical to clinical treatment.

Most of studies have shown that D-Dimer levels in death with COVID-19 are increased significantly?, sugge-
sting a possibility of the complication of venous thromboembolism (VTE). Autopsy found many microscopic
lung thrombis® and deep vein thrombosis (DVT) rates up to 25% in severe COVID-19 clinical findings*
indicating the risk of VTE is high in COVID-19. The COVID-19 is highly infectious and pathogenic which
has increased health care workers’ exposure risk in traditional approach for VTE diagnosis. In this special
period, increasing the clinical awareness and diagnosis of VTE, focusing on the occurrence of early-stage
clinical symptoms, using available laboratory test to evaluate the condition, and beginning anticoagulant
therapy early® while ensuring the safety is of great importance.

Current studies conducted that anticoagulant therapy can reduce COVID-19 mortality and improve patient
prognosis®, but there are separate opinions about the timing of preventive anticoagulant therapy. Through the
retrospective study, our team analyzed the dynamic changes of D-dimer under different illness conditions and
the prognosis of anticoagulant therapy at different D-dimer levels. The aim of our study was to analyze the
clinical significance of D-Dimer in predicting illness severity and guiding anticoagulant therapy in COVID-19.

Methods



This is a retrospective cohort study of 59 patients with confirmed COVID-19 pneumonia hospitalized at
Infection Division of Union Hospital, Huazhong University of Science and Technology in Wuhan, China from
January 25 to February 15, 2020. All patients were diagnosed with COVID-19 pneumonia according to World
Health Organization interim guidance”. A retrospective review of the characteristics of these patients during
the whole hospital period was performed through the electronic medical record system of our hospital, the
last was monitored up to March 15, 2020. The ethics committee of Union Hospital (Wuhan, China) approved
this study.

The clinical classification of COVID-19 reference the Diagnosis and Treatment Plan of COVID-19 suggested
by National Health Commission of China® (the seventh edition). The ordinary COVID-19 was defined to
with fever, respiratory or other symptoms, but pneumonia asterisk in imaging procedure. The severe COVID-
19 was defined as meeting any one of following items: Respiratory rate[?]30 breaths /min; Arterial oxygen
saturation[?]93% at rest; PaO2/FiO2[7]300 mmHg. All patients were treated with supportive care whatever
they may needed respectively, including administration of oxygen (nasal cannula, noninvasive mechanical
ventilation, invasive mechanical ventilation (IMV), or IMV with extra corporeal membrane oxygenation),
antibiotic, antiviral and anticoagulant therapy, immunomodulator or methylprednisolone and so on. All of
patients who were treated anticoagulant therapy in this study were precautionary, Low Molecular Weight
Heparin (LMWH) (40-60mg enoxaparin/day) for 6 days at least or longer. Patients underwent blood routine
blood test, coagulation, and biochemical tests and chest x-rays or computed tomography many times. For
example, D-Dimer monitoring per 2-4d until it became stable and normal. It should be noted that all the
clinical data used in this study were collected from the first day of hospital admission except D-Dimer that
from the diverse stages of the diseases many times.

The evaluation of outcomes consisted of the time of CT imaging improvement was observed first time,
hospital-stay time and the clinical improvement during 7 days and 14 days, defined as the change in oxygen
support reference the seven-category ordinal scale’. The seven-category ordinal scale consisted of the fol-
lowing categories: 1, not hospitalized with resumption of normal activities; 2, not hospitalized, but unable
to resume normal activities; 3, hospitalized, not requiring supplemental oxygen; 4, hospitalized, requiring
supplemental oxygen; 5, hospitalized, requiring nasal high flow oxygen therapy, noninvasive mechanical ven-
tilation, or both; 6, hospitalized, requiring ECMO, invasive mechanical ventilation, or both; and 7, death.

Normally and abnormally distributed quantitative variables were compared using the Student’s t-test and
the Mann-Whitney U test, respectively. Categorical variables were compared using the chi-squared test. The
results were given as the mean+ standard deviation, median (interquartile range), or number (percentage),
wherever appropriate. The level of the D-Dimer was reviewed by bivariate logistic regression analysis for
their ability to predict states of illness. Survival curves were developed using the Kaplan-Meier method with
log-rank test. A P valuej0.05 was considered statistically significant. All analyses were performed with SPSS
25.0 for windows.

Results

A total of 38 severe patients who accept anticoagulant therapy were enrolled into the study from consecutive
59 confirmed cases. Except 16 ordinary patients were not treated with anticoagulant therapy, there were 4
serve patients complicated with atrial fibrillation and 1 with acute myocardial infraction were also excluded
to the study even they were treated with anticoagulant therapy (Figure 1).

22 (57.9%) severe patients recovered with low-flow nasal cannula (LFNC) only. 16(42.1%) severe patients’
condition worsened, they need higher oxygen support therapy, of which eleven with high flow nasal can-
nula (HFNC) or noninvasive mechanical ventilation and five with invasive mechanical ventilation were con-
sisted. Continuous D-Dimer monitoring showed a significant difference (Pj0.001) between the stage of LFENC
(2.01(1.37-2.89)mg/L) and HFNC (13.57(7.33-19.84)mg/L) (Table.1). Using binary logistic regression anal-
ysis evaluate the influence of D-Dimer level on degree of patient’s condition found that compared to those
D-Dimer[?]3mg/L, patients with higher D-Dimer increase the risk (OR=15.697, P;0.001) to develop to much
more severe illness (Table.2).



The mean age at disease onset of the total (n=38) was 69.4+-12.2 years, incidence time was 10.6+-6.2 days,
and 21 (55.3%) were male. 21 (55.3%) patients had one or more comorbidities, including hypertension,
diabetes and heart disease. All patients were treated with preventative anticoagulant therapy, eighteen
when D-Dimer[?]3mg/L and twenty until D-Dimer;3mg/L. The parameters of clinical characteristics and
laboratory tests between two parts were compared (Table.3).

According to the change in oxygen support reference the seven-category ordinal scale, 10 (55.6%) patients’
condition improvement in 7 days in the group of D-Dimer [?]3 when anticoagulant therapy was initiated,
while 7 (35%) in the D-Dimer ;3 (P=0.757). 17 (83%) patients’ condition improvement in 14 days in
the D-Dimer[?]3 compared with 10 (50%) in the D-Dimer;3 (P=0.043, Table.4). Then time to clinical
improvement were examined, there was a difference in 14 days of improvement between D-Dimer[?]3 and
D-Dimer;3 (P=0.03), while no difference in 7 days (P=0.24, Figure.2).

The mean days at the time of CT imaging improvement was 12.1+-3.6 days in the group of D-Dimer[?]3,
while 16.24-6.4 days in D-Dimer;3 (p=0.028). The hospital stays in the two groups were 27 (25.5-30.5) days
and 28 (27-36.5) days separately, there was no statistically significant (p=0.086, Figure. 3).

Conclusion

D-dimer is available for the evaluation of illness condition and the timing of anticoagulant therapy in severe
COVID-19, and its role should not be ignored and required further study.

Discussion

D-dimer is a biomarker of fibrin degradation that can be measured in plasma. D-Dimer content of normal
human plasma is very low, but is increased relating to thrombosis. Plasma D-Dimer level has high sensitivity
in the diagnosis of VTE, but with modest specificity. It can be confused by numerous pathophysiological
events, such as inflammation, malignancy, pregnancy, myocardial infarction, DIC, aortic dissection, and liver
and kidney dysfunction'®.

In our study, we report the levels of D-Dimer spread around 1.37-2.89mg/L in the stage of low-flow oxygen
in COVID-19, may be caused by inflammation, and (or) thrombosis, or other factors. An obvious increasing
trend can be found at the D-Dimer levels while the condition of the patient deteriorated further. Moreover,
risk of aggravation of COVID-19 with D-Dimer;3mg/L is more than 15 times than those D-Dimer[?]3mg/L.
Though lack multi-factor regression analysis, other researchers have reported similar associations. Guan and
Tang reported the significant increase with D-Dimer in COVID-19 death!'. Wu found D-Dimer was a risk
factors associated with the development of acute respiratory distress syndrome (ARDS) and progression from
ARDS to death!'?. Despite the reason is various and complicated for D-Dimer abnormalities in COVID-19,
disease aggravation accompanied by increased plasma D-Dimer levels. It is conceivable that D-Dimer may
be an effective parameter to assess the degree of illness.

Whether the D-Dimer abnormalities were directly responsible for VTE cannot be determined, as its modest
specificity. The high infectivity and pathogenicity of SARS-CoV-2 limit the routine screening of VTE by
Doppler studies of lower limb veins and pulmonary artery CTA. Diagnosis should be decided according
to the peculiar circumstances and available related tests of the patients, and how to consider D-Dimer
abnormalities in perspective may provide new ideas for identifying VTE. Inflammatory reactions can activate
the coagulation system, but some differences were found in Zhou’s research that elevated D-dimer levels
occurred earlier than that of inflammatory factor, suggesting that the very high D-dimer levels observed in
COVID-19 patients are not only secondary to systemic inflammation, but also reflect true thrombotic disease,
possibly induced by cellular activation that is triggered by the virus!314. In addition, a study reported that
the incidence of VTE in severe COVID-19 patients in the Intensive Care Unit (ICU) was 25%*. Besides, 30%
patients had acute pulmonary embolus when pulmonary CT angiograms performed for COVID-19 patients
showed in a study of France with 106 patients'®. In a cohort study of Wang forecasted that 40% of COVID-
19 patients had a high risk of VIE'S. Unlike SARS-CoV, small vessel thrombosis was found not only in
pulmonary but also in multiple organs after SARS-CoV-2 infection in humans!®. Based on a comprehensive



analysis of these consequences, it was hypothesized that D-Dimer abnormalities and VTE in COVID-19 had a
close relationship. It should be noted that, in one interesting study, plasmin may cleave a newly inserted furin
site in the S protein of SARS-CoV-2, extracellularly, which increases its infectivity and virulence!'”. Elevated
plasmin is a shared feature in people with underlying medical conditions, including hypertension, diabetes,
cardiovascular disease, cerebrovascular disease, and chronic renal illness. Those people are susceptible to
SARS-CoV-2 infection, their elevated plasmin was responsible for D-Dimer abnormalities.

In addition to its assessment of risk and diagnostic use, D-Dimer has been proposed to guide anticoagulant
therapy gradually. Tang et al'® showed that the prophylactic anticoagulation regimen can reduce the COVID-
19 patient mortality when D-Dimer levels greater than six times of the normal upper limit value. What is
more, Lin et al'?suggested beginning prophylactic anticoagulation regimen once D-Dimer up to four times
of the normal. Larger prospective studies are to be required to support the D-Dimer value can become
guidelines on anticoagulant therapy in the future, but now its severity of the abnormal value and rate of the
significant change can provide a basis and direction for clinical treatment. In our present study, in patients on
anticoagulant therapy, the recovery was quick of those plasma D-Dimer[?]3mg/L when anticoagulant therapy
was initiated than that of plasma D-Dimer;3mg/L. Nevertheless, their hospital stays had no significant
difference, it may be related to our discharge criteria that the condition was significantly alleviated and
nucleic acid tests were negative. Viral infection is a self-limiting disease, the anticoagulant role of LMWH
may alleviate the illness but does not have a prominent antiviral function.

However, due to the limited number of cases included in our study, especially hard to collect the matched
no anticoagulant therapy patients, we could not perform further and more conceivable analysis. Through
the analysis of D-Dimer changes at different stages of illness and its function to suggest much more benefits
could be made at early-stage anticoagulation therapy in severe COVID-19, the guidance of D-Dimer should
not be ignored and should be studied further.
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Figure legends
Figure.1 Study profile

Figure. 2 Time to Clinical Improvement analysis in different D-Dimer levels when anticoagulant therapy
was initiated. The differences of improvement in two groups were observed both within 7 days (P=0.24) and
14 days (P=0.03).

Figure. 3 The time to the first appearance of improvement with chest CT and patients’ hospital stays
between two groups. The mean days at the time of CT imaging improvement were 12.14-3.6 days in the
group of D-Dimer[?]3, while 16.24+-6.4 days in D-Dimer;3 (p=0.028). The hospital stays in the two groups
were 27 (25.5-30.5) days and 28 (27-36.5) days separately (p=0.086).
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