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Objective: Venous thrombosis arises from the formation of clots within the venous wall, precipitating an inflammatory cascade.
This study aimed to obtain the statistics of confirmed cases of deep venous thrombosis (DVT) through Doppler ultrasound and
pulmonary embolism (PE) via pulmonary computed tomography (CT) angiography within the cohort of COVID-19 patients.

Methods: This cross-sectional study was conducted on 265 COVID-19 patients hospitalized at Afzalipour Hospital in Kerman,
Iran, during 2020-2021.The patients' records were examined for Doppler ultrasound of the lower extremities and pulmonary CT
angiography. Following the establishment of Doppler ultrasound frequencies, an assessment of DVT frequency was conducted
among patients who had undergone Doppler ultrasound, correlating with PE assessments via clinical judgment and pulmonary
CT angiography.

Results: The study revealed a thrombosis prevalence of approximately 6.8%, with around 61.1% of thrombosis cases identified
in men. The most prevalent underlying conditions within this cohort were diabetes mellitus and hypertension, accounting for
approximately 22.2% of the cases. The outcomes of the regression analysis demonstrated a significant association between
thrombosis and C-reactive protein (CRP) ( p= 0.02).

Conclusion: In conclusion, venous thromboembolism, encompassing conditions like DVT and PTE, emerges as a heightened
occurrence among COVID-19 patients, and this prevalence is notably linked to elevated CRP levels. Acquiring an understanding
of the associated risk factors and pertinent symptoms equips physicians with the tools to diagnose individuals at risk, ultimately
mitigating avoidable fatalities and curbing treatment expenditures through the effective management and assessment of
these risk elements.
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Introduction

Venus thromboembolism (VTE), comprising deep vein
thrombosis (DVT) and pulmonary thromboembolism (PTE),
stands as a significant global contributor to morbidity
and mortality (1). PTE ranks among the leading causes of
mortality in hospitalized patients, underscoring its clinical
significance (2). Reduction in blood flow rate is a significant
contributing factor to thrombosis in individuals with long-
term hospitalization (3-5). There are several risk factors for
VTE where all three components of Virchow's triad, including
stasis, hypercoagulation, and endothelial damage, can be
affected (6, 7). The coronavirus disease 2019 (COVID-19) has
posed unprecedented challenges to the healthcare system.
COVID-19 can manifest in various ways, with one notable
consequence being an elevated risk of VTE, particularly among
individuals who are critically ill and necessitate intensive care
unit (ICU) management (8-10). Additionally, coagulopathy
is linked to worse outcomes in COVID-19 patients (11). The
incidence of VTE in COVID-19 patients varies widely, ranging
from 7% to 49%, influenced by diagnostic methods, patient
profiles, and prophylactic interventions. The pathophysiology
of COVID-19-associated VTE is intricate and multifaceted,
encompassing viral-induced endothelial damage, platelet
activation, cytokine storms, hypoxia, immobilization, and
coagulation aberrations (12, 13). Moreover, COVID-19 has
induced alterations in coagulation and inflammatory markers,
including platelet counts (Plt), fibrinogen levels, C-reactive
protein (CRP), lactate dehydrogenase (LDH), prothrombin
time (PT), international normalized ratio (INR), as well as
D-dimer concentrations (14, 15). Higher D-dimer levels were
associated with an increased risk of acute respiratory distress
syndrome (ARDS) and mortality (12, 16-18). As a result, these
COVID-19-related abnormalities may portend unfavorable
prognoses, leading to outcomes such as ICU hospitalization
and the requirement for ventilator support (19, 20).
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Nevertheless, the reported rates of PTE and VTE in the
literature exhibit significant variability, and the establishment
of a clear association between the heightened thrombotic risk
in COVID-19 and mortality remains inconclusive, with certain
studies indicating no such association (13).

The study aims to gather statistics on DVT and pulmonary
embolism in COVID-19 patients at Afzalipur Hospital in
Kerman, Iran using Doppler ultrasound and computed
tomography (CT) pulmonary angiography.

If the connection is confirmed, implementing effective
prevention, diagnosis, and early treatment strategies for VTE
disorders could significantly reduce morbidity and mortality.
This research seeks to provide insights that may differ from
existing studies and enhance the standards of practice in our
institution and the broader context of the country.

Methods
Study design and population

This observational (retrospective analysis of prospective
study) study, conducted at Afzalipour Hospital in Kerman,
Iran, from February 2021 to July 2022, examined DVT and PTE
in COVID-19 patients. Overall, 254 patients with established
COVID-19 were included in the study. Among them 18
developed thrombosis during follow-up and 236 did not.

Ethical approval

The assessment of frequency of confirmed lower extremity
DVT and PE in hospitalized patients with COVID-19 at
Afzalipour hospital in 6 months’period with Reg. No. 99000311
was approved by ethical committee of Kerman University of
Medical Sciences. The Ethics Committee of Kerman University
of Medical Sciences, Kerman, Iran, approved this study,
under ethic number IRKMU.REC.1399.403. The participants
were verbally informed of the study's goal, and each signed
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informed consent. This study was approved by the institution
ethical clearance committee (REC - 05/10/2020).

Baseline variables

We gathered demographic, laboratory and clinical data from
patient records, including age, gender, smoking and opium
consumption status, disease severity, and other comorbidities
such as hypertension, prior thrombotic events, surgical
history, pregnancy, and use of contraceptives. Moreover, we
documented instances of fractures, surgeries, the ongoing
administration of cancer treatment drugs, and the use of blood
anticoagulants among the patients. We assessed laboratory
data as total blood count, C-reactive protein, D-dimer, lactate
dehydrogenase (LDH), alanine (ALT) and aspartate (AST),
creatinine, urea nitrogen, and blood sugar (BS) levels.

COVID-19 diagnosis

COVID-19 cases were defined based on national guidelines,
including those with common clinical symptoms, recent
contact with a confirmed case within 14 days prior to symptom
onset, and positive results from either a reverse transcription
polymerase chain reaction (RT-PCR) test for COVID-19 or
evidence of lung involvement in chest CT scans.

Disease severity assessment

Disease severity was assessed following national guidelines.
Patients in stage zero and one, exhibiting mild symptoms,
were managed on an outpatient basis and not hospitalized.
Patients in stages two and three were admitted for further
evaluation. Second-stage patients were categorized as having
moderate severity if they presented with shortness of breath,
chest pain, or pressure, with or without a fever exceeding
38°C, and their Sp0O2 levels ranged from 90% to 93%. Those
with accelerated respiratory symptoms, tachypnea, SpO2
levels below 90%, PaO2/FiO2 levels of 300 or less, an increased
A-a gradient, and over 50% lung involvement on CT scans
were classified as severe cases. Patients in the third stage,
experiencing respiratory failure with SpO2 levels below 88%,
signs of shock, requiring mechanical ventilation, or displaying
multi-organ failure, were categorized as having a very severe
or critical condition (21).

Doppler ultrasonography

Patient data from medical records formed the study's core data
source. We initially examined Doppler ultrasound records and
assessed DVT frequency among patients who had undergone
these ultrasounds. We employed the HFL38x model from
Sonosite M-Turbo, USA machine, for our Doppler ultrasound
imaging. This high-frequency linear-array probe was
deliberately selected to enhance the resolution and precision
of vascular imaging, rendering it particularly well-suited for
identifying thrombotic events in patients with COVID-19. This
equipment is renowned for its reliability and performance,
aligning with the stringent standards set by our institution.
Additionally, the selected frequency range and transducer
type were carefully considered to ensure adherence to both
national and international guidelines for studies investigating

thrombotic events among individuals with COVID-19. For
PE, we relied on CT pulmonary angiography and clinical
symptoms. We meticulously recorded the specific locations of
DVT in the limbs and PE sites.

Statistical Analysis
Data analysis was conducted using SPSS version 23.

Data analysis involved both descriptive statistics (mean,
standard deviation, median, interquartile range, frequency,
and percentage) and inferential statistics. Normality tests,
specifically the Kolmogorov-Smirnov method, were first
applied to quantitative data, such as age and duration of
hospitalization.

If the data met the assumptions of normality, t-tests were
employed; otherwise, non-parametric Mann-Whitney U tests
were utilized. Categorical data were compared using Chi-
square and Fisher's exact tests. Logistic regression analysis
was employed to investigate the association between the
occurrence of thrombosis (the dependent variable) and
various independent variables such as C-reactive protein (CRP)
levels, age, gender, comorbidities, and other relevant factors.
The aim was to determine if there is a significant relationship
between these predictors and the likelihood of developing
deep venous thrombosis (DVT) or pulmonary embolism (PE)
in COVID-19 patients. A significance level of p < 0.05 was
adopted for two-tailed tests.

Results

Our study of 265 COVID-19 patients at Afzalipour Hospital
revealed a significant prevalence of thrombosis at 6.8% over a
six-month period. A detailed demographic breakdown (Table
1) indicated that 61.1% of patients with thrombosis were male.
Additionally, diabetes mellitus and high blood pressure were
the most common underlying conditions among patients,
both with and without thrombosis. Patients with thrombosis
exhibited a more severe disease state compared to those
without, as observed in Mayled's condition, though it did not
reach significance.

Upon a deeper analysis of the data (Table 2), subjects who
experienced thrombosis demonstrated significantly higher
mean values for D-dimer (p=0.003) and CRP (p=0.01) compared
to subjects without thrombosis, while WBC, urea, chromium,
ESR, AST, ALT, and BS did not differ. Although Table 2 results
indicated a statistically significant relationship, employing
the t-test between two alpha and beta parameters. A more
intricate exploration of the relationship between thrombosis
and various variables in Table 3 was conducted using logistic
regression analysis.

Interestingly, only the CRP variable showed a statistically
significant relationship (OR -1.03, 1.0-1.07, p=0.02). Logistic
regression analysis, detailed in Table 3 for other parameters,
failed to identify a statistically significant association between
thrombosis and various factors, including sex, age, COVID-19
severity, smoking, opiate use, and a set of hematological and
biochemical markers.
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Table 1. Demographic and clinical characteristics of COVID-19 patients with and without thrombosis
With thrombosis Without thrombosis
n-18 n=236
Variables ( : : ; P
N % N %
Gender Female 7 389 99 40.1
| 0.92
Male 11 61.1 148 59.9
U.nderlylng DM 4 222 61 247 0.81
disease
HTN 4 2222 64 25.9 0.72
IHD 2 1.1 32 13 0.82
Malignancy 1 56 1 0.4 0.058
Airway Disease 2 1.1 17 6.9 0.5
Hyperlipidemia 5 111 18 7.3 0.55
kD 1 56 2 0.8 0.06
smokng | 2 - ° >
9 0.45
No 16 88.9 231 935
gs:;zqm tion e 4 222 > >4
p 0.44
No 14 77.8 209 84.6
ch,\élrlijt_1 9 Mild 5 27.8 86 364
y 0.46
Severe 13 72.2 150 63.6

the respective group

CKD - chronic kidney disease, DM - diabetes mellitus, HTN - blood hypertension, IHD - ischemic heart disease
Note: "N" represents the number of individuals in each category, and "%" represents the percentage of individuals within

Upon a deeper analysis of the data (Table 2), subjects who
experienced thrombosis demonstrated significantly higher
mean values for D-dimer (p=0.003) and CRP (p=0.01) compared
to subjects without thrombosis, while WBC, urea, chromium,
ESR, AST, ALT, and BS did not differ. Although Table 2 results
indicated a statistically significant relationship, employing
the t-test between two alpha and beta parameters. A more
intricate exploration of the relationship between thrombosis
and various variables in Table 3 was conducted using logistic
regression analysis.
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Interestingly, only the CRP variable showed a statistically
significant relationship (OR -1.03, 1.0-1.07, p=0.02). Logistic
regression analysis, detailed in Table 3 for other parameters,
failed to identify a statistically significant association between
thrombosis and various factors, including sex, age, COVID-19
severity, smoking, opiate use, and a set of hematological and
biochemical markers.
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Table 2. Comparison of laboratory parameters Between COVID-19 patients with and without thrombosis
With thrombosis Without thrombosis
Variable Unit (n-18) (n=236) p
Mean SD Mean SD
WBC cells/pL 6.70 0.65 6.28 0.28 0.58
HB g/dL 12 1.15 13.25 0.31 0.18
PLT cells/pL 237.63 36.26 24457 11.55 0.83
Urea mg/dL 54,54 11.39 38.59 3.01 0.07
Cr mg/dL 1.69 0.34 1.36 0.09 0.38
ESR mm/hr 39.54 6.90 39.39 1.76 0.98
CRP mg/dL 12.99 3.8 41.19 2.61 0.01
LDH U/L 312.72 50.19 329.81 16.41 0.71
D-dimer pg/mL 72.56 7.76 0.56 1.65 0.003
AST U/L 37.18 3.47 33.22 1.86 0.43
ALT U/L 41.18 3.82 35.50 1.91 0.27
BS mg/dL 15545 18.44 146.88 6.59 0.77

ALT- alanine transaminase, AST- aspartate transaminase, BS- blood sugar, Cr- creatinine, CRP- C-reactive protein, ESR-
erythrocyte sedimentation rate, HB- hemoglobin, LDH- lactate dehydrogenase PLT- platelets, SD- standard deviation, Urea-
urea nitrogen, WBC- white blood cell count

Table 3. Relationship between thrombosis and various variables

Variables OR 95% ClI p
Gender 0.95 0.35-2.35 0.92

Age 0.98 0.96-1.01 0.39

COVID-19 severity 1.03 0.33-3.17 0.95
Cigarette Smoking 0.48 0.1-2.32 0.36

Opium Consumption 0.59 0.18-1.9 0.37

WBC 0.93 0.71-1.2 0.58

HB 1.12 0.94-1.34 0.2

PLT 1 0.99-1.0 0.83

Urea 0.98 0.96-1.0 0.1

Cr 0.89 0.66-1.16 0.39

ESR 1 0.97-1.02 0.98

CRP 1.03 1.0-1.07 0.02*

LDH 1 0.99-1.0 0.71

D-dimer 0.87 0.72-1.05 0.15

AST 0.98 0.94-1.02 0.43

ALT 0.97 0.94-1.01 0.27

BS 0.99 0.99-1.0 0.76

without thrombosis.

AST- aspartate transaminase, ALT- alanine transaminase, BS- blood sugar, CRP- C-reactive protein, Cl- confidence intervals,
Cr- creatinine, ESR- Erythrocyte Sedimentation Rate, HB- Hemoglobin, LDH- Lactate Dehydrogenase, OR- Odds Ratios, PLT-
platelet, Urea- urea nitrogen, WBC- white blood cell count
Note: The table displays the means and standard deviations (SD) for various laboratory parameters among patients with and
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These comprehensive findings indicate that within the
scope of this study, demographic factors and independently
analyzed blood markers did not show a statistically
significant association with thrombosis in COVID-19 patients.
This emphasizes the intricate and multifaceted nature
of thrombotic events in this specific patient group and
underscores the necessity for ongoing research to unravel the
complex interplay of contributing factors.

Discussion

COVID-19 is attributed to the SARS-CoV-2 virus, primarily
impacting the respiratory system and potentially resulting in
systemic coagulation activation (22). The findings of this study
yield valuable insights into the frequency, characteristics, and
associated risk factors of thrombosis within the examined
population. The observed prevalence of thrombosis in this
investigation stands at 6.8%, highlighting its significant
presence among the participants. It is noteworthy that
a notable gender disparity exists, with more than 60%
of individuals afflicted by thrombosis being male. This
observation prompts further inquiry into the potential
gender-related influences on thrombosis risk, necessitating
deeper exploration of the underlying causal factors. Among a
cohort of 81 critically ill patients in China who did not receive
standard thromboprophylaxis, 25% were diagnosed with
DVT (23). In a distinct study conducted across three hospitals
in the Netherlands, encompassing 184 ICU patients who
received routine low-molecular-weight heparin prophylaxis,
37% of patients experienced VTE, with a cumulative incidence
reaching 49% (24). In the study conducted by Middeldorp
et al., in which thrombosis prophylaxis was standardized for
hospitalized patients with COVID-19, VTE occurred in 35 out
of 75 ICU patients (47%), with a cumulative incidence of 59%
at 21 days. Among COVID-19 patients admitted to the general
ward who received thromboprophylaxis, 3% (4 out of 123)
were diagnosed with symptomatic VTE (22). According to
recently published research, the incidence of PE in individuals
diagnosed with COVID-19 who underwent pulmonary CT
angiography ranged from 23% to 30% (25). In COVID-19
patients admitted to a prominent healthcare system in New
York City, thrombotic events were documented in 16% of
patients. Among these cases, 6.2% were venous thrombotic
events, with 3.2% being PE and 3.9% DVT. Thrombosis
observed in patients with COVID-19 may be attributed to
factors such as cytokine storm, hypoxic injury, endothelial
dysfunction, hypercoagulability, and increased platelet
activity (26).

Furthermore, the study unveiled that patients with thrombosis
exhibited D-dimer levels exceeding 72 pg/mL in contrast to
those without thrombosis. D-dimer, as a fibrin degradation
product, stands as an indicator of ongoing clot formation and
dissolution. This discovery reinforces the association between
thrombosis and the notable elevation in D-dimer levelsamong
afflicted individuals. Early investigations in China similarly
reported elevated D-dimer levels (0.5 mg/L or higher) in 46%
to 63% of patients, accompanied by additional indications
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of coagulation activation, including mild thrombocytopenia
and relatively prolonged prothrombin time (20-27). The
elevation of D-dimer levels in individuals with COVID-19
may be attributed to prothrombotic coagulation processes
or pulmonary microvascular thrombosis, which can extend
beyond what, is observable through the chest CT angiography
(28). A study revealed that D-dimer levels exhibited a notable
elevation in patients with severe COVID-19 when compared
to those with a milder form of the disease (median 2.4 vs. 0.5
pg/mL). Furthermore, the study found that D-dimer levels
surpassing 1 pg/mL were significantly associated with an
increased risk of intensive care unit admission, mechanical
ventilation, or mortality (29).

The results of the regression analysis have unveiled a
statistically significant relationship between thrombosis
and CRP levels, implying that elevated CRP levels may be
indicative of an augmented risk for thrombosis. CRP, as a
systemic inflammation marker, has been associated with an
increased propensity for thrombotic events. Consequently,
the monitoring of CRP levels could offer valuable utility as a
tool for assessing the risk of thrombotic events and guiding
preemptive measures. A study demonstrated that elevated
levels of CRP and D-dimer exhibit a notably high positive
predictive value for VTE in critically ill COVID-19 patients.
Furthermore, a more pronounced state of coagulation
activation appears to be closely associated with a more severe
disease progression, including ICU admission and mortality
(30).

Based on our study, the most prevalent underlying diseases
among individuals with thrombosis were identified as diabetes
and hypertension, with a prevalence of 22.2%.This observation
underscores the critical importance of effectively managing
these conditions, as they appear to significantly contribute
to the occurrence of thrombotic events. Additionally, these
findings align with prior research indicating that COVID-19 is
associated with a heightened risk of DVT and PTE, particularly
in severe cases.

Furthermore, these complications have been shown to
elevate the mortality rate among COVID-19 patients. Notably,
a statistically significant association has been established
between thrombosis and CRP levels. Consequently, it is
imperative to monitor the coagulation status of COVID-19
patients and implement appropriate prophylactic and
therapeutic measures for those at risk of VTE.

Study limitations

The study has some limitations that need to be acknowledged
and addressed in future research. The study was based
on a retrospective analysis of prospectively collected
medical records, which may have introduced selection bias,
information bias, and confounding factors. This research
relied on the availability and accuracy of the diagnostic tests,
which may have varied across different time periods and
settings. Moreover, the study did not include a control group
of non-COVID-19 patients, which limits the ability to compare
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the incidence and risk factors of VTE between COVID-19
and other conditions. The retrospective analysis of medical
records might introduce biases like selection, information, and
confounding factors. Variations in diagnostic tests across time
and settings could affect accuracy. Excluding non-COVID-19
patients limited comparisons with VTE incidence and risk
factors. The study's small sample size reduced statistical
power and precision. Low numbers in Doppler ultrasound and
pulmonary CT angiography might have underestimated VTE
prevalence. Lack of systematic screening for asymptomatic
VTE and assessing patient outcomes limited comprehensive
insights. Conducted in a single center in Iran, the study's
findings might not apply universally. It didn't delve into
genetic, environmental, or behavioral factors impacting VTE
severity. Therefore, future research is needed to address these
limitations and extend the knowledge on the epidemiology,
risk factors, and outcomes of VTE in COVID-19 patients. Larger,
multicenter, prospective studies with standardized screening
and diagnostic methods are required to obtain more accurate
and representative estimates of the prevalence and incidence
of VTE in different regions and settings. Randomized
controlled trials are also needed to evaluate the efficacy and
safety of different anticoagulant regimens and strategies for
the prevention and treatment of VTE in COVID-19 patients.
Additionally, more studies are needed to investigate the
molecular and cellular mechanisms that mediate the
interaction between COVID-19 infection, inflammation, and
thrombosis, and to identify potential biomarkers and targets
for the diagnosis and intervention of this complication.

Conclusions

Pulmonary embolism (PE) and deep vein thrombosis (DVT)
represent critical and perilous complications of COVID-19,
contributing substantially to morbidity and mortality rates.
Our study findings have unveiled a thrombosis prevalence
of 6.8% among COVID-19 patients, a figure that closely
aligns with prior research. Notably, a statistically significant
association has been established between thrombosis and
C-reactive protein (CRP) levels.
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