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Introduction

Recent

Deep vein thrombosis (DVT) is one of the main
manifestations of venous thromboembolism (VTE).
D-dimer is a product of degradation of fibrin acting as a

literature data have underlined the
relationship between coronavirus disease (COVID)-19
and the procoagulant state, because the exposure
of bare tissue and stimulation tissue — the two factors
that represent a pathway to coagulation cascade and
cytokine storm — results from endothelial cell death.
Page et al. proved that pro-inflammatory mediators,
such as C-reactive protein (CRP), interleukin (IL) 6
(IL-6), IL-8, and others, are elevated in COVID-19
infections first due to vessels inflammation and second
due to tissue damage [1]. On the other hand, there is a
close relationship between IL-6 and fibrinogen in severe
cases. Furthermore, conversion of fibrinogen to fibrin,
through thrombin, results in the activation of coagulation
cascade. The immobility and consequential stasis of
blood flow, as a “member” of Virchow’s triad, is another
reason for the occurrence of intravascular coagulation.

Abstract

BACKGROUND: The coronavirus disease (COVID-19) is characterized by a high prevalence of deep vein thrombosis
(DVT), particularly in its severe form, but the incidence of DVT and risk factors for DVT in non-severe patients are
still unknown.

METHODS: The study enrolled 118 patients with non-severe COVID-19 infection which did not required hospital
admittance. A duplex ultrasound and laboratory test were performed in all the patients after the first negative
polymerase chain reaction SARS-CoV-2 test.

RESULTS: DVT was identified in 50 (42.4%) patients with a median age of 48 years (interquartile range 30-85 years).
Symptomatic DVT was present in 40 (80%) patients and was commonly seen in the Class | calf vein thrombosis
(38 patients, 76%) (x* = 51.71, p < 0.001). The most significant risk factors for DVT were as follows: Increased
C-reactive protein (p = 0.000), fibrinogen (p = 0.000), low lymphocyte count (p = 0.002), obesity (p = 0.017), and
neutrophil count (p = 0.042). The multivariable logistic regression analysis revealed that a D-dimer cutoff point of
1253.5 pg/L showed a sensitivity of 92% and a specificity of 71%.

CONCLUSION: Patients with increased inflammatory markers and obese patients after a non-severe COVID-19
infection should have an ultrasound examination to ensure early diagnosis of DVT and to prevent the occurrence of
any complications.

surrogate marker for fibrinolysis and is usually elevated
in the cases with thrombotic events [2].

Several studies revealed that VTE is more
common in intensive care unit (ICU) patients and that
the frequency of VTE is 23-47% even if the patients
were given prophylactic doses of low-molecular-weight
heparin (LMWH) [2], [3], [4]. On the other side, in non-
severe cases of COVID-19, the incidence of VTE was
about 6%, probably due to the lack of administration
of the antithrombotic drugs [5], [6]. Severe cases of
COVID-19 were defined on interim guidance of the World
Health Organization definition, and the patients who do not
meet the criteria for that group are placed in non-severe
group [7], [8]. The risk of VTE development in ICU patients
was equal both with prophylactic and doubled doses of
LMWH [2], [3]. The highest percentage of patients had the
first class DVT of lower extremity thrombosis classification
(DVT located in calf veins); 58% of patients had unilateral
and 83% of patients had bilateral DVT. However, mortality
due to DVT in these patients was as high as 27% [9].

In up-to-date literature, the main risk factors for
thrombosis in patients with the COVID-19 infection were
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respiratory failure, implanted central venous catheter
and mechanical ventilation, as well as older age, the
male sex, smoking, and the presence of other chronic
disorders such as diabetes mellitus (DM), hypertension
(HTN), and cardiac disease [10], [11]. The values of
D-dimerhigherthan 1 ug/Lon admissionwere associated
with a worse outcome and higher mortality [12], [13].
Moreover, the D-dimer was significantly higher in non-
survivors compared to survived patients [14].

This study was undertaken to detect the risk
factors for DVT and incidence in the patients with mild
forms of the COVID-19 infection who did not require
hospital treatment.

Materials and Methods

The study was conducted at the University
Cardiovascular Clinic. The study population comprised
118 patients with a non-severe COVID-19 infection who
did notrequire hospital admittance. The patient population
consisted of 50 men and 68 women with the positive
polymerase chain reaction (PCR) SARS-CoV-2 test.
A duplex ultrasound and laboratory test were performed
in all the patients after the first negative PCR SARS-
CoV-2 test. The blood test was performed in the same
laboratory for all participants to avoid misinterpretation of
the results. The following risk factors were analyzed: Sex,
age, arterial HTN, DM, neuromuscular disease, body
mass index (BMI), previous DVT, varicose vein disease,
and previously administered therapy (aspirin, curative
fractioned heparin, LMWH, novel oral anticoagulants
[NOAC], or warfarin). Moreover, the laboratory test
included the following: CRP, white blood cell (WBC),
neutrophil count, lymphocyte count, fibrinogen, and
D-dimer level. For obtaining more accurate data
and results, we only used D-dimer range >500 ug/L.
A duplex ultrasound was performed by two experienced
sonographers who were blinded for the study results to
be unbiased. The presence of DVT discovered by duplex
ultrasound scanning was classified as follows: Class |
(calf vein thrombosis); Class Il (femoropopliteal vein
thrombosis); Class Ill (femoroiliac vein thrombosis); and
Class IV (inferior caval vein thrombosis).

Itis a general policy at our institution that before
examination, patients have to sign an informed consent
form that allows the use of their data for retrospective
analysis. Furthermore, approval from the local ethical
committee for the particular study had been obtained.

Statistical analysis

Continuous and categorical variables are
described by the means of + standard deviations and
frequency with percentages (%), respectively. The
characteristics of patients with DVT were compared to the

characteristics of those without DVT (control group) using
corresponding statistical methods. Student’s t-test was
used for the homogenous continuous variables (i.e., age
and BMI) and Mann—Whitney U-test for the heterogeneous
ones (i.e., CRP (mg/L), WBC count (10%L), neutrophil
count (10°L), lymphocyte count (10%L), fibrinogen
(g/L), and D-dimer (ug/L)). Some continuous variables
were converted to the categorical ones according to the
referent values, and a non-parametric x2 test was used
for analyzing the difference in frequency distributions
(p < 0.05 was considered statistically significant).
Correlation methods were used for detecting relations
between variables, and strength of those relations.
Furthermore, for the identification of the risk factors for
DVT in COVID-19 patients, univariate and multivariate
analyses were conducted. To see, if these factors might
contribute to the prediction of DVT, logistic regression was
used. Then, the receiver operating characteristic (ROC)
curve was constructed to determine the optimal D-dimer
cutoff point value with the maximum sensitivity and
specificity. The sensitivity, specificity, positive predictive
value (PPV), and negative predictive value (NPV) were
calculated for D-dimer values. SPSS 20.0 was used for all
calculations, analysis, and result presentation.

Results

A total of 118 non-severe COVID-19 patients
were enrolled in this study (42.4% of men and 57.6%
of female). The baseline demographic characteristics of
the enrolled patients, the risk factors, the presence of
DVT, previous therapy, and the laboratory assays are
all presented in Tables 1 and 2.

DVT was identified in 50 (42.4%) patients
with a median age of 48 years (interquartile range
30-85years). Symptomatic DVT was presentin 40 (80%)
patients. The DVT was most common in the Class | calf
vein thrombosis patients (38 patients; 76%) (x> = 51.71,
p < 0.001) followed by the Class Il (16 patients, 32%)
and Class Il (2 patients; 4%) cases. Inferior caval vein
thrombosis (Class 1V) was not registered in this cohort.

As regards BMI, there was significant
higher incidence (p = 0.017) of DVT in the obese
patients (overweight, moderately obese, and very
severely obese). In addition, latter two categories
were concatenated for the purpose of analysis with a
significant difference between normal and overweight
patients (p =0.006). As arisk factor, it could be explained
that 60% of the patients were overweight and 16% of
the patients were moderately or very severely obese,
meaning that 76% of the patients fell into some of the
overweight categories which represent a particular
problem in the modern world. The antithrombotic
therapy was administered before the examination
to 92 (78%) patients; LMWH to 76 (64.4%), NOAC
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Table 1: Baseline characteristic in COVID-19 patients with DVT and control group, and used therapy

Variable Control group DVT group Significance
n = 68 n = 50
Sex
Male 22 (32.4%) 28 (56.0%) p <0.05*
Female 46 (67.6%) 22 (44.0%)
Age 50.52 + 14.76 50.96 + 14.37 NS
Male 52.91+15.57 54.64 + 15.27 p <0.05"** NS
Female 49.32+14.38 46.27 + 11.87
HTN 4 (5.9%) 4 (8.0%) NS
DM 4 (5.9%) 0 /
Previous DVT 6 (8.8%) 10 (20.0%) NS
Varicose vein disease 44 (64.7%) 26 (52.0%) NS
Neuromuscular disease 2(2.9%) 6 (12.0%) NS
BMI 252+4.23 27.2+4.94 p <0.05***

Normal (18.5-25)
Overweight (25-30)

36 (52.9%)
24 (35.3%)

Moderate obese (30-35) 8 (11.8%)
Very severe obese (40+) 0

PE 2(2.9%)
Therapy

Antithrombotic therapy before examination 46 (67.6%)
Curative fractioned heparin 0

LWMH 36 (52.9%)
Aspirin + warfarin 0

NOAC 16 (24.2%)
Aspirin 22 (32.4%)

12 (24.0%)
30 (60.0%)

p < 0.01** (Moderate and very severe obese as one)

6 (12.0%)

2 (4.0%)

0 (0%) NS

46 (92.0%) p<0.01*
0

40 (80.0%) p<0.01**
0

12 (24.0%) NS

12 (24.0%) NS

*Mann-Whitney, **Chi-square test, ***t-test. DVT: Deep vein thrombosis; DM: Diabetes mellitus; BMI: Body mass index; PE: Pulmonary embolism; LWMH: Low-molecular-weight heparins. HTN: Hypertension,

NOAC: Novel oral anticoagulants.

to 28 (23.8%), and acetylsalicylic acid to 34 (28.8%)
patients. The use of curative fractioned heparin and
aspirin in combination with warfarin was not registered
in none of the groups.

However, the antithrombotic therapy was
significantly more prevalent (p = 0.002) in the DVT
patients (46; 92%), than in the control group patients
(46; 67.6%) (Table 1).

Overall, the inflammatory markers were
elevated in the patients with DVT. There were significant
increases of CRP (p = 0.000) (Figure 1), neutrophil
count (p = 0.042) (Figure 2), and fibrinogen (p = 0.000)
(Figure 3). On the other hand, low lymphocyte count
(<1.19) was found in 36 (72%) patients with DVT
(p = 0.002) (Figure 4). Finally, the D-dimer value was
significantly higher in the DVT patients than in the control
group patients (3884.2 + 3548.8 vs. 1388.9 + 1209.3;
p = 0.000) (Figure 5).

The identification of the risk factors for DVT in
COVID-19 patients was conducted using univariate and
multivariate analyses.

The construction of the ROC curve allowed for
the optimal cutoff point in the study to be determined.
Having the D-dimer values above 1253.5 pug/L
significantly increased the likelihood of a DVT diagnosis
by showing an acceptable discriminative capacity
(Area under curve = 0.807, with 95% CI, 0.73-0.89)
(Figure 6). The D-dimer cutoff point of 1253.5 ug/L
showed sensitivity of 92% and specificity of 71%, PPV
of 92.3%, and NPV of 69.7%.

Discussion

The primary aims of this retrospective study
were to identify the risk factors, clinical characteristics,
biological findings, anticoagulant therapy, and to
localize DVT in non-severe COVID-19 patients. In
addition, a non-severe COVID-19 infections are
present in 36—92% of patients [15], [16], [17], [18]. Due

Table 2: Biological findings for patients with DVT and control group

Variable Control group DVT group Significance
n =68 n =50

CRP, mg/L 6.33+9.09 (0.7-41.3) 13.15+9.73 (1.1-41.2) p = 0.000*

Normal (0-5 mgL) 50 (73.5%) 10 (20.0%) p <0.001**

High (>5 mgL) 18 (26.5%) 40 (80.0%)

WBC count, 10°/L 7.22 +3.07 (2.9-14.4) 7.61+3.06 (2.8-11.2) p = 0.407*

Low (< 3.4) 10 (14.7%) 8 (16.0%) NS

Normal (3.4-9.7) 38 (55.9%) 26 (52.0%)

High (>9.7) 20 (29.4%) 16 (32.0%)

Neutrophil count, 10°/L 4.86 +1.89 (1.79-8.12) 6.47 +5.86 (1.67-32.2) p =0.042*

Low ( < 2.06) 10 (14.7%) 10 (20.0%) p <0.05*

Normal (2.06-6.49) 40 (58.8%) 14 (28.0%)

High (>6.49) 18 (26.5%) 26 (52.0%)

Lymphocyte count, 10°/L 1.7 £0.71 (0.81-2.95) 1.28 £ 0.62 (0.82-3.1) p = 0.000*

Low (< 1.19) 18 (26.5%) 36 (72.0%) p <0.001**

Normal (1.19-3.35) 50 (73.5%) 14 (28.0%)

Fibrinogen, g/L 3.62 +1.23 (2.1-8.3) 4.74 +1.50 (1.9-7.1) p =0.000*

Low (< 2) 0 2 (4%) p <0.001**

Normal (2-4) 52 (76.5%) 18 (36.0%)

High (>4) 16 (23.5%) 30 (60.0%)

D-dimer < 500 pg/L 1388.9 £ 1209.3 (242-4502) 3884.2 + 3548.8 (400-12480) p =0.000*

Normal ( < 500) 6 (8.8%) 2 (4.0%) NS

High (>500) 62 (91.2%) 48 (96.0%)

DVT: Deep vein thrombosis, CRP: C-reactive protein, WBC: White blood cell.
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to the pandemic-induced conditions (the lack of doctors
and equipment, medical professionals’ engagement in
COVID hospitals, the ease of viral transmission to the
staff, the difficulties in conducting examinations with the
protective gear on, and the large amount of patients
who require this examination), we tried to detect the
target population in which DVT could be suspected.
The overall DVT prevalence among COVID-19 patients
in this study was 42.4%, similar to the results in another
published paper [9].

50.0

4007

30.04

20.0

C-reactive protein, mgiL

10.0-

II——|°°*

*
*
8

Figure 1: Laboratory assays in COVID-19 patients with deep vein
thrombosis and control group where significant difference was found
in CRP value

Symptomatic DVT was present in 40 (80%)
patients. On the contrary, various neurological
manifestations of COVID-19 have been described
and were found in up to 18.9-36.4% of infected
patients [19], [20], more commonly in severe cases [21].
This symptom, like legs tingling, can deceive us to
overlook the presence of DVT.

40.009

30.00

20.00-

Neutrophil count, 1E9/L

10.00-

i

Control group DVT group

Figure 2: Laboratory assays in COVID-19 patients with deep vein
thrombosis and control group where significant difference was found
in neutrophil count

i

This study demonstrated that there was no age
difference between patients with DVT and the control
group, as it is published by Wang et al. [16], as opposite
to other studies [9]. Regarding sex, DVT was more
prevalent in male patients.

o
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Figure 3: Laboratory assays in COVID-19 patients with deep vein
thrombosis and control group where significant difference was found
in fibrinogen value

Regarding concomitantdiseases suchasarterial
HTN, DM, previous vein disease, and neuromuscular
disease, we did not find differences in DVT occurrence.
A significant difference was found in the obese patients
(moderately and severely overweight).

3.50
3.00]

*
250

2.00

1.50-

1.007]
507
Control group DVT group

Figure 4: Laboratory assays in COVID-19 patients with deep vein
thrombosis and control group where significant difference was found
in lymphocyte count

Lymphocyte count, 1E9/L

Our data demonstrated that patients who had
a higher baseline value of CRP, D-dimer, fibrinogen,
neutrophil count, and lower lymphocyte count had an
elevated risk of DVT. Our findings were consistent with
other published papers [9], [16], [22]. Unfortunately, it
is not part of our routine practice to perform laboratory
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Figure 5: Laboratory assays in COVID-19 patients with deep vein
thrombosis and control group where significant difference was found
in D-dimer value

DVT group

tests such IL-2R, IL-6, IL-8, IL-17, IP-10, TNF-a, and
IL-1b given the fact that they are high priced.

ROC Curve
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Figure 6: Area under ROC curve for D-dimer in DVT diagnosis. ROC:
Receiver operating characteristic; DVT: Deep vein thrombosis

Interestingly, we found that 92% of patients had
been prescribed some kind of antithrombotic therapy
before examination. Medical records were analyzed
and these findings could be explained with several
facts: First, according to the guidelines for COVID-19
infection treatment, the majority of the patients received
antithrombotic therapy; second, the therapy was
prescribed by other specialists (i.e., family doctors,
pulmonologists, or other internal medicine specialists
due to the lack of vascular specialists), and finally,

prescription of the inadequate prophylaxis of subdosed
medications.

Several studies demonstrated a significant
increase in D-dimer and fibrinogen levels [23] as well as
CRP value [24], which reflected the hypercoagulability
state. On the other hand, Motaganahalli et al. proved
that the value of CRP is not associated with DVT [25].
In some patients, in the recovery phase of the disease,
we found that there is a significantly higher level of
fibrinogen (probably due to bacterial superinfection) in
the DVT patients compared with the non-DVT group. In
the late phase, the level of fibrinogen decreases [26].

Multivariable logistic regression analysis
revealed that the D-dimer cutoff point of 1253.5 ug/L
showed sensitivity of 92% and specificity of 71%. This
incidence was similarly reported in a recent study of
asymptomatic DVT in the patients who had a non-
severe COVID-19 infection [27]. Eljilany and Elzouki
proved that the incidence of DVT is 88.5%, if the
D-dimer value is over 1.0 ug/mL, compared to 15.9%, if
the D-dimer value is under 1.0 ug/mL [26].

And finally, there was a significant difference in
the localizations of DVT in the patients. Lower extremity
thrombosis classification has been suggested by the
DVT guidelines and is widely used in clinical practice,
and this classification stratifies the DVT patients into
four classes [9]. Regarding the class, the majority of
the DVT patients were diagnosed as Class |, which was
consistent with other published papers [9], [15], [24].
The greatest number of detected DVT cases was in
calf veins, but because of later complications such
as the post-thrombotic syndrome and the mortality of
27% in these patients, early diagnosis and treatment is
obligatory [9].

Conclusion

In this epidemic that has shaken the world
population and the medical profession, it is important
to improve the existing treatment algorithms to avoid
wasting medical and financial resources. The results of
our study have shown in which patients the occurrence
of DVT should be suspected: Those with elevated
D-dimer (values above 1253.5 ug/L), fibrinogen and
CRP, low lymphocyte and high neutrophil count, as well
as the obese.

However, it is our opinion that all patients after
a severe or non-severe COVID-19 infection should
have a duplex ultrasound of the legs. On the other
hand, the lack of doctors and sonographic equipment is
the main problem in this situation, especially because of
the large number of people with a non-severe infection.
All these facts lead us to select the patients that should
have an ultrasound examination for an early diagnosis
of DVT and to prevent complications.
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Study limitations

The major limitation in our study was the small

sample of patients. Furthermore, a potential limitation
of this study could be that it was focused only on
several risk factors and biochemical findings not taking
into account genetic markers for thrombosis. Another
factor that was not taken into account was the level of
physical activity during iliness.
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