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Summary 
Introduction/research objective: COVID-19 coagulopathy is a disor-
der of the hemostatic system that occurs in critically ill patients infect-
ed with the SARS-CoV 2 virus and it increases the risk of mortality. The 
goal of the research is to evaluate changes in hemostatic parameters 
and determine their prognostic significance in patients with a severe 
form of the COVID-19 disease.
Methods: The study was designed as a retrospective cohort study, 
which included 146 patients treated from June to September 2020 in 
the Intensive Care Unit (ICU) of the Clinical Hospital Center ”Bežanijs-
ka Kosa” in Belgrade, diagnosed with COVID-19 pneumonia. Inclusion 
criteria were as follows: the age over 18 years, proven current SARS-
CoV2 infection, and admission to  ICU.
Results: 82 patients (56.2%) died during the treatment, while 64 
(43.8%) were discharged. Significantly higher D-dimer values ​​on ad-
mission to the ICU were recorded in subjects who died during treat-
ment 888 (1226.5) ng/ml compared to persons who were discharged 
from treatment 666 (1207.3) ng/ml (p = 0.03). Differences were not 
demonstrated for INR, aPTT and fibrinogen. D-dimer values ​​on ad-
mission to the ICU greater than or equal to 760ng/ml are a statistically 
significant predictor of death during hospitalization (p = 0.04).
Conclusion: COVID coagulopathy is a complication that increases 
the mortality of people infected with the SARS-CoV2 virus. The main 
feature is a state of hypercoagulability, which is detected by elevat-
ed D-dimer values. D-dimer greater than or equal to 760 ng/ml on 
admission to the ICU may have prognostic significance for survival 
during hospitalization.
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INTRODUCTION

 In May 2023, the COVID-19 pandemic, which lasted 
approximately three years and two months, was officially 
declared over (1). According to the latest data, more than 
703 million people have fallen ill worldwide, and about 
7 million have died, according to https://www.worldom-
eters.info/coronavirus/ 02/18/2024. The pandemic was 
controlled due to the development of vaccines and antivi-
ral drugs (2).

Most of those infected with the SARS-CoV2 virus de-
veloped an asymptomatic or mild form of the COVID-19 
disease, while a smaller number of people developed viral 
pneumonia, which could later be followed by complica-
tions and other multisystem disorders, and finally lead to 
death, especially in the elderly (3). The severe form of the 
disease is characterized by an immense immune response 
with the release of many cytokines, with antiviral and an-
ti-inf lammatory role, while leading to the death of endo-
thelial and epithelial cells and immunothrombosis (4). 

COVID-19 coagulopathy is a disorder of the hemostat-
ic system that occurs in critically ill patients infected with 
the SARS-CoV-2 virus. The state of hypercoagulability 
is the main feature of COVID-19 coagulopathy, which 
can be manifested by thromboembolic complications or 
even disseminated intravascular coagulation. Since the 
beginning of the pandemic, a higher frequency of throm-
boembolic complications, both venous and arterial, has 
been reported in more severe forms of the disease, despite 
the use of anticoagulant therapy (5). A meta-analysis that 
included 47 studies and a total of 6459 patients led to 
the conclusion that deep vein thrombosis was present in 
about 30% of cases, that it was more frequent in patients 
treated in the ICU, and that people with COVID-19  and 
thrombosis had higher mortality than people without 
thrombosis (6). Hyperinf lammatory response, hypoxia, 
endothelial damage, as well as comorbidities, immobility, 
age and history of previous thrombosis are key risk factors 
for hypercoagulability and subsequent complications (5).

D-dimer is mentioned as the most important indica-
tor in the context of COVID-19 coagulopathy. Elevated 
D-dimer values were recorded in COVID-19 patients 
with a more severe form of the disease. Also, it was shown 
that higher D-dimer values correlated with disease sever-
ity and mortality. Certain studies (7-9) confirmed that 
D-dimer values greater than 1 mg/ml, 0.5 mg/ml, or 0.5 
mg/l upon admission were associated with an 18-fold, 
7.3-fold, or 4-fold increase in mortality risk, respectively. 
It has also been proven that elevated D-dimer values are 
associated with a more severe clinical presentation (10). 
The results of our recently published prospective study 
showed that elevated levels of D-dimer, as well as coag-
ulation factor VIII (FVIII), in a certain category of pa-
tients (elderly, with a more severe presentation of COVID 
infection) can be maintained even after 6 months of 
COVID infection. This indicates that the degree of hy-

percoagulability is maintained in a certain number of pa-
tients even after the infection has passed (11). In addition 
to high D-dimer values, indicators of COVID coagulop-
athy can be low platelet values, prolonged prothrombin 
and partial thromboplastin time, as well as fibrinogen, 
FVIII, von Willebrand factor (vWF), and reduced anti-
thrombin (AT) values as well as ADAMTS13 (7, 11-13).

This research aims to evaluate changes in hemostat-
ic parameters and to determine their prognostic signifi-
cance in patients with a severe form of COVID-19 disease.

Material and methods

This study was designed as a retrospective cohort study, 
which included 146 patients treated from June 2020 to 
September 2020 in the Intensive Care Unit (ICU) of the 
Clinical Hospital Center ”Bežanijska Kosa“ in Belgrade, 
diagnosed with COVID-19 pneumonia. The inclusion 
criteria were as follows: the age over 18, proven current 
SARS-CoV2 infection, and admission to the Intensive 
Care Unit. Respondents younger than 18 years of age and 
respondents whose stay in the intensive care unit was not 
due to a severe form of COVID-19, as well as incomplete 
data on respondents, were excluded from the research.

Upon admission to the ICU, the usual anamnestic 
data (hetero-anamnestic data related to the patient’s co-
morbidities and accompanying therapy) and demograph-
ic data were collected and entered into the electronic 
database. All patients, according to the protocol for treat-
ment at the ICU, had blood samples taken for the deter-
mination of routine laboratory analyses, such as complete 
blood count, coagulation profile, biochemical analyses, 
and markers of inf lammation. All these values were re-
corded in the hospital’s electronic database, along with all 
important patient clinical data.

A computed tomography (CT) score was determined 
for each patient. The score was graded according to the 
degree of involvement of the lung tissue by consolida-
tion seen on the CT scan of the chest. Each lung lobe was 
scored from 1 to 5 depending on the prevalence of con-
solidation (1. < 5% involvement; 2. 5-25%; 3. 26-49%; 4. 
50-75%; 5. > 75%). The values of the total CT score were 
obtained by adding up the individual score for each lobe, 
and the score values could range from 0 to 25. The sever-
ity of the clinical presentation, as determined by the CT 
score, was categorized into mild (score <8), moderate (9-
15), and severe (>15) (14).

The treatment of patients and the definition of a se-
vere clinical picture were carried out according to the na-
tional protocol of the Republic of Serbia for the treatment 
of COVID-19 (15).

In the statistical analysis, descriptive and analytical 
statistics methods were used, depending on the type 
of data distribution. If the distribution was normal, the 
T-test was used for analysis. For distributions deviating 
from normality, the Mann-Whitney U test was employed 
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for non-parametric analysis. The non-parametric tests 
were the Chi-square (χ2) test or Fisher’s exact probability 
test. The ROC curve was used to determine the optimal 
D-dimer cut-off value and its sensitivity (Sn) and speci-
ficity (Sp). The Kaplan-Meier method and the log-rank 
test were used to assess survival. p < 0.05 was considered 
statistically significant. The computer program “R” was 
used to process statistical data.

Results

The research included 146 respondents, 103 (70.5%) 
male and 43 (29.5%) female. The average age was 65 
years, range from 29 to 89 years. Of the total number of 
respondents, more than a half died during the treatment, 
82 (56.2%), while 64 (43.8%) were discharged after the 
treatment. Of the 82 patients with a fatal outcome, 58 
(70.7%) were male, and 24 (29.3%) were female. The in-
cidence of fatal outcomes matches the representation in 
relation to sex. 	

Comorbidities were present in 109 (74.7%) subjects. 
Arterial hypertension was recorded in 99 (67.8%) sub-
jects, diabetes mellitus in 50 (34.2%), coronary disease in 
25 patients (17.1%), while other comorbidities were less 
common (obesity and cardiomyopathy in 8.2%, COPD in 
4.8%, and asthma in 2.7% of cases).

In relation to the severity of the clinical picture, the 
majority of respondents had a CT score of 20, i.e., 14.2%. 
There were 10.4% of respondents with the maximum 
score. Upon admission to the ICU, most patients were 
intubated, with 52.7% receiving invasive mechanical 
ventilation and 34.2% receiving non-invasive ventilation. 
The lowest percentage of people was on high-f low oxygen 
therapy, 3.4%, while 9.6% of patients were on low-f low 
oxygen therapy through an oxygen mask (Table 1).

The values of the subjects’ coagulation parameters 
were as follows: D-dimer 768 (1066) ng/ml, INR 1.1 
(0.3), APTT 24.7 (8.3) and fibrinogen 3.8 (1.5) g/ l. The 
measured values of D-dimer, INR, APTT and fibrino-
gen did not differ significantly between men and women 
(D-dimer p=0.51; INR p=0.409; aPTT p=0.826; fibrin-
ogen p=0.212).

Patients with hypertension had higher D-dimer val-
ues, 888 (2715) ng/ml, compared to 554 (705.5) ng/ml 
in normotensive p=0.002. Differences in D-dimer values 
were not observed between subjects with and without 
corresponding comorbidities (Table 2).

INR values recorded upon admission to the ICU were 
higher in patients with cardiomyopathy 1.3 (1.5) than 
those without 1.1 (0.2)s p= 0.028. INR values did not dif-
fer between patients with and without other comorbidi-
ties (Table 3).

Clinical features

Age med (IQR)
65 (21) years

Sex
      Male/Female . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                       

n               %
103/43      70.5/29.5

Comorbidity
      Arterial hypertension . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                               
      Coronary disease  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                   
      Cardiomyopathy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                    
      Diabetes mellitus  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                   
      Obesity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                             
      Asthma . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                             
      COPD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                              

n (%)
99 (67.8)
25 (17.1)
12 (8.2)
50 (34.2)
12 (8.2)
4 (2.7)
7 (4.8)

The severity of the clinical presentation according to the CT score 
      Mild  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                               
      Moderate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                           
      Severe  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                              

n (%)

7 (4.8)
25 (17.1)
114 (78.1)

Type of respiratory support 
      Low Flow Oxygen  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                  
      High Flow Oxygen  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                 
      Non-invasive mechanical ventilation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                
      Invasive mechanical ventilation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                     

n (%)
14 (9.6)
5 (3.4)
50 (34.2)
77 (52.7)

Number of days of hospitalization med (IQR)
18 (16)

Treatment outcome 
      Discharge  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                          
    
      Fatal outcome  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                      

n (%)
64 
Male 45 (70.3) Female 19 (29.7)
82
Male 58(70.7); Female 24(29.3)

Table 1. Clinical characteristics of subjects suffering from COVID-19 admitted to the Intensive Care Unit
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Table 2. D-dimer values of patients with COVID-19 according to co-
morbidities (values are shown as median (IQR))

Comorbidity Presence D-dimer values
(ng/ml)

p value

Arterial hypertension YES 888 (2715) 0.002*

NO 554 (705.5)

Diabetes mellitus YES 680.5 (746) 0.212

NO 823.5 (3217.7)

Obesity YES 1051 (1000) 0.428

NO 760 (1286.3) 

COPD YES 741 (1908.7) 0.865 

NO 775 (1213.8) 

Asthma YES 873.5 (1005.2) 0.980 

NO 760 (1263.8) 

Coronary disease YES 740 (2990) 0.719 

NO 768 (1123) 

Cardiomyopathy YES 752 (1066) 0.967 

NO 768 (1229) 

Note: *-statistically significant difference
COPD - Chronic obstructive pulmonary disease
Table  3. INR values of COVID-19 patients according to comorbidi-
ties (values are shown as median (IQR))

Comorbidity Presence INR values p value

Arterial hypertension YES 1.1 (0.3) 0.965 

NO 1.1 (0.3) 

Diabetes mellitus YES 1.1 (0.2) 0.051 

NO 1.1 (0.3) 

Obesity  YES 1 (0.3) 0.774 

NO 1.1 (0.3) 

COPD YES 1.2 (0.4) 0.420 

NO 1.1 (0.3) 

Asthma YES 1 (0.26) 0.135 

NO 1.1 (0.3) 

Coronary disease  YES 1.2 (0.3) 0.562 

NO 1.1 (0.2) 

Cardiomyopathy YES 1.3 (1.5) 0.028* 

NO 1.1 (0.2) 

Note: *-statistically significant difference
COPD - Chronic obstructive pulmonary disease

The measured values of the partial thromboplastin 
time did not differ in patients with certain comorbidities 
and those without, at the admission to the ICU. Detailed 
values are shown in Table 4.

People with asthma had fibrinogen values of 5.4 (2.2) 
g/l on admission significantly higher than those without 
asthma 3.8 (1.5) p=0.047. Fibrinogen values in other sub-
jects with and without various comorbidities were not ob-
served. Detailed values are shown in Table 5.

Regarding the disease outcome, significantly high-
er values of  D-dimer upon admission to the ICU were 
recorded in subjects who died during treatment 888 
(1226.5) ng/ml compared to patients who were dis-
charged from treatment 666 (1207.3) ng/ml (p = 0.03). 

Table  4. aPTT values of COVID-19 patients according to comorbid-
ities (values are shown as median (IQR))

Comorbidity Presence aPTT (s) values p value

Arterial hypertension YES 25.2 (10.3) 0.436 

NO 24.2 (6.5) 

Diabetes mellitus YES 23.6 (10.5) 0.546 

NO 25.3 (7.4) 

Obesity    YES 21.5 (6.4) 0.257 

NO 25.2 (8.5) 

COPD YES 30.6 (11.6) 0.916 

NO 24.6 (7.9) 

Asthma YES 21.7 (13.1) 0.267 

NO 24.6 (8.4) 

Coronary disease    YES 27.6 (10) 0.083 

NO 24.6 (7.5) 

Cardiomyopathy YES 29.5 (12.8) 0.070 

NO 24.4 (7.3) 

COPD - Chronic obstructive pulmonary disease

Table  5. Values of fibrinogen strains with COVID-19 according to 
comorbidities (values are shown as median (IQR))

Comorbidity P re s e n-
ce

Fibrinogen values (g/L) p value

Arterial  
hypertension

YES 3.8 (1.65) 0.505 

NO 3.8 (1.15) 

Diabetes melitus YES 4.2 (2.2) 0.169 

NO 3.7 (1.2) 

Obesity    YES 3.9 (1.3) 0.722 

NO 3.8 (1.5) 

COPD YES 3.7 (1.8) 0.759

NO 3.8 (1.5) 

Asthma YES 5.4 (2.2) 0.047* 

NO 3.8 (1.5) 

Coronary disease      YES 4.1 (1.1) 0.081 

NO 3.8 (1.5)

Cardiomyopathy YES 3.4 (1.3) 0.270 

NO 3.8 (1.5) 

Note: *-statistically significant difference
COPD - Chronic obstructive pulmonary disease

No differences were determined in relation to other 
parameters of hemostasis (Table 6).

The ROC curve is used to determine the cut-off  value 
of the D-dimer to predict the fatal outcome. The optimal 
value was 760 mg/ml. Of the total deceased, 51 subjects 
had D-dimer values greater than or equal to 760 ng/ml, 
and the remaining deceased (31) had values less than 
760 ng/ml. The sensitivity of 60.8% and the specificity 
of 59.4% of  D-dimer was calculated (Figure 1). The Ka-
plan-Meier survival curve and the log-rank test revealed 
that D-dimer values of 760 ng/ml or higher are a statis-
tically significant predictor of mortality during hospital-
ization (p = 0.04) (Figure 2).
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Table  6. Values of coagulation parameters of COVID patients mea-
sured at admission to the ICU in relation to the outcome of treatment

Variable Death outcome Median (IQR) p value

D-dimer ( ng/l) YES 888 (1226.5) 0.033*

NO 666 (1207.3)

INR YES 1.1 (0.3) 0.437

NO 1.1 (0.3)

aPTT (s) YES 25.9 (10.3) 0.518

NO 23.9 (6.2)

Fibrinogen (g/l) YES 3.8(1.7) 0.157

NO 3.8 (1.2)

Note: *-statistically significant difference

Thrombosis was detected in 11 patients (7.5%). 
Among these, 8 had arterial thrombosis (including myo-
cardial infarction in 5 patients and thrombosis of the bra-
chial, radial, and ulnar arteries in 3 patients), while 3 had 
venous thrombosis, specifically pulmonary thromboem-
bolism. Of the total number of subjects with thrombosis, 
eight died, while three were discharged after treatment. 
D-dimer values did not differ significantly between sub-
jects with and without thrombosis (p = 0.46).

Discussion

The research revealed distinct patient profiles in terms 
of age, gender, comorbidities, hemostatic parameters, 
and elevated D-dimer values among SARS-CoV-2 pos-
itive individuals with pneumonia who were treated in 
Intensive Care Units. The average age of patients who 
required treatment in the ICU was 65 years. Men had a 
greater need for treatment in the ICU as well as a higher 
mortality, while the total mortality was 56.2%. The most 
common  documented chronic disease among the re-
spondents was hypertension (67.8%), followed by diabe-
tes mellitus (34.2%) and coronary disease (17.1%). People 
with hypertension had higher D-dimer values compared 
to people without the given comorbidity. Also, people 
with cardiomyopathy had significantly higher INR val-
ues compared to those without it, and higher fibrinogen 
values were recorded in people with asthma. Significant 
differences for the remaining parameters of hemostasis 
were not detected in relation to the present comorbidi-
ties. Higher D-dimer values upon admission to the ICU 
were recorded in persons who died during treatment, 
while values equal to or greater than 760 ng/ml were as-
sociated with a higher risk of in-hospital mortality.

More than 78% of those treated in the ICU had a CT 
score greater than 15, which speaks in favour of the severe 
clinical picture of the patients. Patients with a CT score 
greater than 15 have a high risk of death, followed by a 
longer stay in the ICU (16).  As the CT score increases, 
the risk of death also rises (17).

 Endeshaw et al., in a study conducted on 100 patients, 
proved that patients with hypertension had significantly 
higher D-dimer values of 1.1 mg/l, compared to controls 
of 0.37 mg/l. Additionally, the more severe arterial hy-

Figure 1. ROC curves of  D-dimer values for predicting outcomes 
of treatment
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pertension was, the higher D-dimer was (18). In addition, 
the values of D-dimer and fibrinogen are positively relat-
ed to the duration of hypertension, which suggests that 
the higher the values the longer the person was hyperten-
sive (19). Hypertension is one of the most common co-
morbidities in COVID-19 patients (20).

D-dimer represents a significant marker of hemostat-
ic activity and indicates the formation of a fibrin clot, i.e. 
its breakdown under the action of the fibrinolytic system. 
Significantly higher D-dimer values were recorded in 
persons suffering from COVID-19 (21). At the beginning 
of the pandemic, it was thought that high D-dimer val-
ues resulted from an increased frequency of arterial and 
venous thrombosis, the development of disseminated in-
travascular coagulation (DIC), acute respiratory distress 
syndrome (ARDS), etc. However, the underlying factor 
is the host’s robust inf lammatory response to the SARS-
CoV-2 virus. The virus induces the synthesis and release 
of mediators such as IL-6, TNF, G-CSF, etc., leading to 
mononuclear cell activation. Thus, activated cells express 
tissue factors that lead to thrombin activation and fibrin 
conversion. Also, the virus directly causes damage to en-
dothelial cells and the release of cell contents, including 
plasminogen activator and vWF. Under the inf luence of 
plasminogen activators, plasminogen is converted into 
plasmin, initiating fibrinolysis. The ultimate goal of this 
process is the breakdown of fibrin into fibrin degradation 
products. If the fibrin clot is stabilized by coagulation 
Factor XIII (FXIII), its subsequent breakdown results in 
the formation of D-dimer (22).

The results of our study showed that D-dimer values 
of more than 760 mg/ml (measured on admission to the 
ICU) can represent a great predictor of mortality. Also, 
numerous studies have reported similar data. A me-
ta-analysis that included 100 studies over 42,000 patients 
concluded that high D-dimer levels upon admission are 
associated with the risk of developing a more severe form 
of the disease, as well as death (23). Popovska Jovičić et 
al. in their research, where they included 288 patients 
diagnosed with SARS-CoV2 infection, proved that D-di-
mer values of 0.82 ug/mL measured upon admission can 
indicate a potential risk of death during the hospitaliza-
tion (24). A multicentre study in Spain reported that ad-
mission D-dimer values higher than 945 μg/L FEU have 
a predictive value regarding in-hospital mortality (25). 
Within the first ten days of hospital treatment, there is 
a trend of increasing D-dimer, after which the value de-
creases (26).

It should be noted that the results of our prospective 
study in which patients were monitored after hospitaliza-
tion for COVID 19 infection showed that certain categories 
of patients (the elderly and those with a more severe clinical 
presentation of COVID infection) can maintain elevated 
D-dimer and FV III levels, even 6 months after hospitaliza-
tion. This finding indicates that the degree of hypercoagu-
lability is maintained in a certain number of patients even 

after the infection has passed, therefore, it represents a risk 
for thrombosis in the post-Covid period (11). 

When discussing the risk of thrombosis associated 
with acute COVID-19 infection, thrombotic events were 
verified in 11 (7.5%) subjects, of which 8 were arterial and 
3 pulmonary embolisms.

The D-dimer values ​​of persons with verified throm-
bosis were 1260 (31810) ng/ml and did not significantly 
differ from the D-dimer values ​​of persons without veri-
fied thrombosis, which can be explained by the higher 
frequency of arterial thrombosis. In other studies, the 
incidence of thrombosis in ICU patients was significantly 
hihger (27-29). In contrast to our research, in other stud-
ies venous compared to arterial thromboses were detect-
ed more frequently (30, 31), and D-dimer levels above 
3,000 μg/L measured in patients with COVID-19 can be 
a predictor of pulmonary thromboembolism (32).

Regarding the limitations of the study, it should be 
emphasized it was a retrospective study that included a 
relatively small number of respondents. These are the first 
data on hemostatic changes in critically ill COVID-19 
patients in our country who were treated in the ICU. As 
such, they represent a significant contribution to under-
standing this issue and highlight the need for prospective 
studies with larger sample sizes.

CONCLUSION

COVID coagulopathy is a complication that increases 
the mortality of people infected with the SARS-CoV2 
virus. The main feature is the state of hypercoagulabili-
ty, which is confirmed by elevated D-dimer values. Our 
research showed that people suffering from COVID-19 
had high D-dimer levels upon admission to the ICU and  
this value was significantly higher in people who died. 
D-dimer values greater than or equal to 760 ng/ml upon 
admission to the ICU may have prognostic significance 
for survival during the hospitalization.

Author Contributions

All authors contributed to the study conception and de-
sign. Material preparation and data collection were per-
formed by Marija Zdravković and Marija Milenković. 
The first draft of the manuscript was written by Marija 
Milenković. Mirjana Kovač and Marija Zdravković ed-
ited the manuscript. All authors read and approved the 
final manuscript.



| 97

Changes in the hemostatic system in severely ill COVID-19 patients

References
1.	 Sarker R, Roknuzzaman ASM, Nazmunnahar, Shahriar M, Hossain 

MJ, Islam MR. The WHO has declared the end of pandemic phase 
of COVID-19: Way to come back in the normal life. Health Sci Rep. 
2023 Sep 5;6(9):e1544. doi: 10.1002/hsr2.1544. PMID: 37674622; PM-
CID: PMC10478644.

2.	 Narayanan SA, Jamison DA Jr, Guarnieri JW, Zaksas V, Topper M, 
Koutnik AP,et al. A comprehensive SARS-CoV-2 and COVID-19 re-
view, Part 2: host extracellular to systemic effects of SARS-CoV-2 in-
fection. Eur J Hum Genet. 2024 Jan;32(1):10-20. doi: 10.1038/s41431-
023-01462-1 PMID: 37938797; PMCID: PMC10772081.

3.	 Lu R, Zhao X, Li J, Niu P, Yang B, Wu H, Wang W, et al. Genomic 
characterisation and epidemiology of 2019 novel coronavirus: im-
plications for virus origins and receptor binding. Lancet. 2020 Feb 
22;395(10224):565-574. doi: 10.1016/S0140-6736(20)30251-8. PMID: 
32007145; PMCID: PMC7159086.

4.	 Paludan SR, Mogensen TH. Innate immunological pathways in 
COVID-19 pathogenesis. Sci Immunol. 2022 Jan 7;7(67):eabm5505. 
doi: 10.1126/sciimmunol.abm5505. PMID: 34995097.

5.	 Milenković M, Kovač M. Poremećaji hemostaze. In: Kovačević P, 
Barić G, Dragić S, Jandrić M, et al. Osnovi intenzivne medicine. 
Medicinski fakultet Univerziteta u Banja Luci , Udruženje inten-
zivista za nehirurške grane, Banja Luka 2022, str. 513-571.

6.	 Kollias A, Kyriakoulis KG, Lagou S, Kontopantelis E, Stergiou GS, 
Syrigos K. Venous thromboembolism in COVID-19: A systematic 
review and meta-analysis. Vasc Med. 2021 Aug;26(4):415-425. doi: 
10.1177/1358863X21995566. PMID: 33818197; PMCID: PMC8024143.

7.	 Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, et al. Clinical course and 
risk factors for mortality of adult inpatients with COVID-19 in 
Wuhan, China: a retrospective cohort study. Lancet. 2020 Mar 
28;395(10229):1054-1062. doi: 10.1016/S0140-6736(20)30566-3. 
PMID: 32171076; PMCID: PMC7270627.

8.	 Korkusuz R, Karandere F, Senoglu S, Kocoglu H, Yasar KK. The 
prognostic role of D-dimer in hospitalized COVID-19 patients. 
Bratisl Lek Listy. 2021;122(11):811-815. doi: 10.4149/BLL_2021_129. 
PMID: 34672673.

9.	 Shah S, Shah K, Patel SB, Patel FS, Osman M, Velagapudi P, et al. El-
evated D-Dimer Levels Are Associated With Increased Risk of Mor-
tality in Coronavirus Disease 2019: A Systematic Review and Me-
ta-Analysis. Cardiol Rev. 2020 Nov/Dec;28(6):295-302. doi: 10.1097/
CRD.0000000000000330. PMID: 33017364; PMCID: PMC7437424.

10.	 Lippi G, Favaloro EJ. D-dimer is Associated with Severity of Coro-
navirus Disease 2019: A Pooled Analysis. Thromb Haemost. 2020 
May;120(5):876-878. doi: 10.1055/s-0040-1709650. PMID: 32246450; 
PMCID: PMC7295300.

11.	 Kovac M, Balint MT, Milenkovic M, Basaric D, Tomic B, Balint B, 
Ignjatovic V. Assessment of Factor VIII Activity and D-Dimer Lev-
els in the Post-COVID Period. Hamostaseologie. 2024 Mar 1. doi: 
10.1055/a-2238-4744. PMID: 38428838.

12.	 Han H, Yang L, Liu R, Liu F, Wu KL, Li J, Liu XH, Zhu CL. Prominent 
changes in blood coagulation of patients with SARS-CoV-2 infec-
tion. Clin Chem Lab Med. 2020 Jun 25;58(7):1116-1120. doi: 10.1515/
cclm-2020-0188. PMID: 32172226.

13.	 Fei Y, Tang N, Liu H, Cao W. Coagulation Dysfunction. Arch Pathol 
Lab Med. 2020 Oct 1;144(10):1223-1229. doi: 10.5858/arpa.2020-
0324-SA. PMID: 32551814.

14.	 Bhandari S, Rankawat G, Bagarhatta M, Singh A, Singh A, Gupta 
V, Sharma S, Sharma R. Clinico-Radiological Evaluation and Cor-
relation of CT Chest Images with Progress of Disease in COVID-19 
Patients. J Assoc Physicians India. 2020 Jul;68(7):34-42. PMID: 
32602679.

15.	 Pelemiš M, Stevanović G, Turkulov V, Vučinić V, Matijašević J, Mi-
lošević B, i saradnici. Nacionalni protokol Republike Srbije za lečenje 
COVID-19 infekcije, Verzija 8. 2020.

16.	 Jayachandran AK, Nelson V, Shajahan ME. Chest CT severity score 
as a predictor of mortality and short-term prognosis in COVID-19. 
J Family Med Prim Care. 2022 Aug;11(8):4363-4367. doi: 10.4103/
jfmpc.jfmpc_209_22.  PMID: 36353028; PMCID: PMC9638539.

17.	 Abbasi B, Akhavan R, Ghamari Khameneh A, Zandi B, Farrokh D, 
Pezeshki Rad M, et al. Evaluation of the relationship between inpa-
tient COVID-19 mortality and chest CT severity score. Am J Emerg 
Med. 2021 Jul;45:458-463. doi: 10.1016/j.ajem.2020.09.056. PMID: 
33039235; PMCID: PMC7521211.

18.	 Endeshaw C, Solomon  G,  Menakath  M, Zeleke  G,  Tadesse  A, 
Tadesse L, al. Assessment  of  plasma  D-dimer  level  and  its  correla-
tion  with  disease  severity  among hypertensive patients. Journal of 
Science and Inclusive Development. 2020 2(2):21-40. doi: 10.20372/
jsid/2020-31.

19.	 Rafaqat S, Khalid A, Riaz S, Rafaqat S. Irregularities of Coagulation 
in Hypertension. Curr Hypertens Rep. 2023 Oct;25(10):271-286. doi: 
10.1007/s11906-023-01258-0. Epub 2023 Aug 10. PMID: 37561240.

20.	 Tadic M, Cuspidi C, Grassi G, Mancia G. COVID-19 and arterial hy-
pertension: Hypothesis or evidence? J Clin Hypertens (Greenwich). 
2020 Jul;22(7):1120-1126. doi: 10.1111/jch.13925. PMID: 32627330; 
PMCID: PMC7362072.

21.	 Lippi G, Plebani M. Laboratory abnormalities in patients with 
COVID-2019 infection. Clin Chem Lab Med. 2020 Jun 25;58(7):1131-
1134. doi: 10.1515/cclm-2020-0198. PMID: 32119647.

22.	 Vincent JL, Levi M, Hunt BJ. Prevention and management of 
thrombosis in hospitalised patients with COVID-19 pneumonia. 
Lancet Respir Med. 2022 Feb;10(2):214-220. doi: 10.1016/S2213-
2600(21)00455-0. Epub 2021 Nov 25. PMID: 34838161; PMCID: 
PMC8616572.

23.	 Varikasuvu SR, Varshney S, Dutt N, Munikumar M, Asfahan 
S, Kulkarni PP, Gupta P. D-dimer, disease severity, and deaths 
(3D-study) in patients with COVID-19: a systematic review and 
meta-analysis of 100 studies. Sci Rep. 2021 Nov 8;11(1):21888. 
doi: 10.1038/s41598-021-01462-5. PMID: 34750495; PMCID: 
PMC8576016.

24.	 Popovska Jovičić B, Raković I, Gavrilović J, Sekulić Marković S, 
Petrović S, Marković V, et al. Vitamin D, Albumin, and D-Dimer as 
Significant Prognostic Markers in Early Hospitalization in Patients 
with COVID-19. J Clin Med. 2023 Apr 12;12(8):2825. doi: 10.3390/
jcm12082825. PMID: 37109161; PMCID: PMC10145116.

25.	 García de Guadiana-Romualdo L, Morell-García D, Favaloro EJ, Víl-
chez JA, Bauça JM, Alcaide Martín MJ, et al.  Harmonized D-dimer 
levels upon admission for prognosis of COVID-19 severity: Results 
from a Spanish multicenter registry (BIOCOVID-Spain study). J 
Thromb Thrombolysis. 2022 Jan;53(1):103-112. doi: 10.1007/s11239-
021-02527-y. PMID: 34272635; PMCID: PMC8284690.

26.	 Creel-Bulos C, Liu M, Auld SC, Gaddh M, Kempton CL, Sharifpour 
M, et al. Trends and diagnostic value of D-dimer levels in patients 
hospitalized with coronavirus disease 2019. Medicine (Baltimore). 
2020 Nov 13;99(46):e23186. doi: 10.1097/MD.0000000000023186. 
PMID: 33181697; PMCID: PMC7668476.

27.	 Middeldorp S, Coppens M, van Haaps TF, Foppen M, Vlaar AP, 
Müller MCA, et al. Incidence of venous thromboembolism in 
hospitalized patients with COVID-19. J Thromb Haemost. 2020 
Aug;18(8):1995-2002. doi: 10.1111/jth.14888. PMID: 32369666; PM-
CID: PMC7497052.

28.	 Cui S, Chen S, Li X, Liu S, Wang F. Prevalence of venous thrombo-
embolism in patients with severe novel coronavirus pneumonia. J 
Thromb Haemost. 2020 Jun;18(6):1421-1424. doi: 10.1111/jth.14830. 
PMID: 32271988; PMCID: PMC7262324.

29.	 Klok FA, Kruip MJHA, van der Meer NJM, Arbous MS, Gom-
mers DAMPJ, Kant KM, et al. Incidence of thrombotic compli-
cations in critically ill ICU patients with COVID-19. Thromb Res. 
2020 Jul;191:145-147. doi: 10.1016/j.thromres.2020.04.013. PMID: 
32291094; PMCID: PMC7146714.

30.	 Poissy J, Goutay J, Caplan M, Parmentier E, Duburcq T, Lassalle 
F, Jeanpierre E, Rauch A, Labreuche J, Susen S; Lille ICU Haemo-
stasis COVID-19 Group. Pulmonary Embolism in Patients With 
COVID-19: Awareness of an Increased Prevalence. Circulation. 2020 
Jul 14;142(2):184-186. doi: 10.1161/CIRCULATIONAHA.120.047430. 
PMID: 32330083.



98 |

Medicinska istraživanja 2024; 57(3):91-98

31.	 Helms J, Tacquard C, Severac F, Leonard-Lorant I, Ohana M, De-
labranche X; CRICS TRIGGERSEP Group (Clinical Research in 
Intensive Care and Sepsis Trial Group for Global Evaluation and 
Research in Sepsis). High risk of thrombosis in patients with severe 
SARS-CoV-2 infection: a multicenter prospective cohort study. In-
tensive Care Med. 2020 Jun;46(6):1089-1098. doi: 10.1007/s00134-
020-06062-x. PMID: 32367170; PMCID: PMC7197634.

32.	 Galland J, Thoreau B, Delrue M, Neuwirth M, Stepanian A, Chauvin 
A; Lariboisière COVID Group; et al. White blood count, D-dimers, 
and ferritin levels as predictive factors of pulmonary embolism sus-
pected upon admission in noncritically ill COVID-19 patients: The 
French multicenter CLOTVID retrospective study. Eur J Haematol. 
2021 Aug;107(2):190-201. doi: 10.1111/ejh.13638. PMID: 34288162; 
PMCID: PMC8239942.

PROMENE U HEMOSTATSKOM SISTEMU KOD KRITIČNO OBOLELIH OD KOVIDA 19
Marija Milenković1,2,Mirjana Kovač3, Ivan Rović1, Đuro Šijan1, Bogdan Crnokrak2,4, Marija Zdravković2,4

Sažetak

Uvod/cilj istraživanja: Koagulopatija usled kovida 19 
predstavlja poremećaj sistema hemostaze koji se javlja 
kod kritično obolelih bolesnika zaraženih SARS-CoV2 
virusom i koja povećeva rizik od mortaliteta. Cilj istra-
živanja je procena promena  hemostaznih parametara i 
određivanje njihovog prognostičkog značaja kod bole-
snika sa teškom formom bolesti kovid 19.

Metode: Studija je dizajnirana kao retrospektivna ko-
hortna studija, koja je obuhvatila 146 pacijenta lečenih 
od juna  do septembra 2020. godine u Jedinici intenziv-
nog lečenja (JIL) Kliničko bolničkog centra ,,Bežanijska 
kosa” u Beogradu pod dijagnozom pneumonije izazva-
ne kovidom 19. Uključujući kriterijumi su bili starost iz-
nad 18 godina, dokazana aktuelna SARS-CoV2 infekcija 
i prijem u JIL.

Rezultati: Tokom lečenja su preminula 82 bolesnika 
(56.2%), dok je 64 (43.8%) otpušteno nakon sprovede-

nog lečenja. Značajno više vrednosti D-dimera na prije-
mu u JIL zabeležene su kod ispitanika koji su preminuli u 
toku lečenja 888 (1226,5) ng/ml u odnosu na osobe koje 
su otpuštene sa lečenja 666 (1207,3) ng/ml (p = 0,03). 
Razlike nisu dokazane za INR, aPTT i fibrinogen. Vredno-
sti D-dimera na prijemu u JIL više ili jednake 760ng/ml 
statistički su značajan prediktor smrtnog ishoda u toku 
hospitalizacije (p = 0,04).

Zaključak: Koagulopatija  usled kovida 19 predstavlja 
komplikaciju koja povećava mortalitet osoba zaraženih 
SARS-CoV2 virusom. Osnovno obeležje jeste stanje hi-
perkoagulabilnosti, koje se detektuje povišenim  vred-
nostima D-dimera. Vrednosti D-dimera više ili jednake 
760 ng/ml na prijemu u JIL mogu imati prognostički zna-
čaj za preživljavanje u toku hospitalizacije.

Ključne reči: kovid 19, koagulopatija, D-dimer, jedinica intenzivnog lečenja

Primljen: 01.07.2024. I Revizija: 18.07.2024. I Prihvaćen: 25.07.2024.

Medicinska istaživanja 2024; 57(3):91-98


	Changes in the hemostatic



