JORNAL VASCULAR BRASILEIRO
ISSN 1677-7301 (Online)

Deep vein thrombosis of lower limbs in patients with COVID-19

Trombose venosa profunda de membros inferiores em pacientes com covid-19

Orlando Adas Saliba Junior' @, Ana Flavia de Jesus Alves? (2, Camila Matarazzo? (), Gabriela Teixeira Gongalves?
Marcone Lima Sobreira’

Abstract

As knowledge has accumulated, COVID-19 has come to be considered a disease of the respiratory system that
can also cause multisystemic involvement. This study analyzed the prevalence of deep venous thrombosis (DVT)
in the lower limbs of patients with COVID-19 by conducting an integrative review of the literature published
from 2019 to 2022. The procedures involved in article selection were identification of keywords, definition of
the search strategy, consultation of databases, and exclusion of duplicate articles and others that did not meet
the review objectives. Exclusion of articles was based on the following exclusion criteria: articles on arterial
vascular complications involving the lower limbs, laboratory experiments, cases reports describing venous and
arterial complications involving other sites, and articles unrelated to the outcome of interest: DVT. A total of
284 articles were identified, 42 of which were included. There was considerable variability in the prevalence of
DVT among patients with COVID-19 (range: 0.43 to 60.87%). The findings suggest that occurrence of DVT in
patients with COVID-19 is associated with disease severity.

Keywords: anticoagulant; SARS-CoV-2; thromboembolism.

Resumo

Com o avango do conhecimento, a covid-19 passou a ser considerada uma doenga do sistema respiratério, podendo
ter comprometimento multissistémico. Analisou-se a prevaléncia de trombose venosa profunda (TVP) em membros
inferiores em pacientes acometidos pela covid-19 através de uma pesquisa de reviséo integrativa, considerando o
periodo de 2019 2 2022. Os procedimentos utilizados para a selegido dos artigos foram identificagio das palavras-chave,
elaboragao da estratégia de busca, consulta em bases de dados e exclusdo dos artigos em duplicata e outros. A exclusdo
foi feita com base nos seguintes critérios: artigos sobre complicacdes vasculares arteriais em membros inferiores,
pesquisas laboratoriais, relatos de casos referentes a complicagdes venosas e arteriais em outros sitios e artigos ndo
relacionados ao desfecho de TVP. Do total de 284 artigos, foram incluidos 42. Observou-se grande variabilidade na
prevaléncia de TVP em pacientes com covid-19 (0,43 a 60,87%). Sugere-se que a ocorréncia de TVP em pacientes
com covid-19 esta associada a gravidade desta doenca.

Palavras-chave: anticoagulante; SARS-CoV-2; tromboembolia.
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INTRODUCTION

Coronaviruses (CoVs) are single-stranded ribonucleic
acid (RNA) viruses that cause diseases in humans and
animals.! In December of 2019, a new coronavirus
strain was identified in patients presenting with
pneumonia of unknown etiology and was named
severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) by the International Committee on
Taxonomy of Viruses (ICTV).! The same month, the
first case of coronavirus disease 2019 (COVID-19)
was confirmed in the city of Wuhan, in China.? The
disease caused a global outbreak that was designated
as a pandemic by the World Health Organization
(WHO) on March 11, 2020.2

This pandemic spread rapidly, with more than
199 million confirmed cases and more than 4 million
deaths worldwide during 2021,* demonstrating high
rates of contagion, morbidity, mortality, and lethality,
provoking a major overload of health care systems.’

Transmission of COVID-19 occurs person-to-person
by direct contact, by aerial transmission in aerosols,
and during medical procedures.® The incubation
period of SARS-CoV-2 can be considered as from 2
to 14 days, with a mean period of 5 days,” and it is
diagnosed by testing nasopharyngeal swab samples
with reverse transcriptase followed by polymerase
chain reaction (RT-PCR).}

Around 80% of confirmed cases of COVID-19
are asymptomatic or mildly symptomatic;® 15%
progress to a more severe form; and 5% develop
acute respiratory distress syndrome (ARDS) and
require ventilatory support.’

Patients considered to have mild to moderate
severity exhibit the following clinical manifestations:
fever (88.7%), coughing (67.8%), tiredness (38.1%),
productive expectoration (33.4%), dyspnea (18.7%),
sore throat (13.9%), and headache (13.6%).!

Severe infection is characterized by uncontrolled
multisystemic inflammatory and immune response,
with cardiovascular, respiratory, neurological,
intestinal, hepatic, pancreatic, renal, cutaneous, and
hematological involvement. This response is mediated
by direct viral action, with endothelial dysfunction,
inflammation, and thrombosis of the microcirculation
of organs,'® and may induce sepsis, ARDS, bilateral
interstitial pneumonia, multiple organ failure, and
disseminated intravascular coagulation (DIC), and
can lead to fatal outcomes.!! The activation of blood
coagulation provokes a prothrombotic state with
significant elevation of fibrin, of fibrin degradation
products (including D-dimer [DD]) and fibrinogen.
The resulting state is known as COVID-19 associated
coagulopathy (CAC). The pathophysiology of CAC
includes cytokine storm, causing activation of endothelial

Deep venous thrombosis and COVID-19

cells and pulmonary microvasculature injury, causing
local microthrombosis, and a hypercoagulable state
that can result in thrombosis of large vessels.?

From this perspective, the procoagulatory nature
of COVID-19, combined with other risk factors, such
as immobility, mechanical ventilation, and infection,
predisposes patients to thromboembolic complications,’
such as deep venous thrombosis (DVT), pulmonary
embolism (PE), arterial thrombosis, pulmonary
thrombosis (PT),"? unusual thrombosis of central
lines or arterial catheters, and premature thromboses
of extrarenal hemodialysis filters and extracorporeal
membrane oxygenation (ECMO) cannulae.’

Considering the importance of the vascular
involvement related to COVID-19 and the need for
data to support decision making on the most effective
forms of thromboprophylaxis, it is essential to discuss
the impact of these complications and the different
treatment approaches, justifying a wide-ranging
review of the literature.

In view of the above, the objective of this study
was to analyze the prevalence of DVT in the lower
limbs of patients with COVID-19.

METHODS

This is an integrative review of the literature on
COVID-19-related DVT in lower limbs, written up
in accordance with the PRISMA protocol."

The procedures employed to identify and select
scientific output were based on consultations of the
SciELO, PubMed, Cochrane, Scopus, Web of Science,
and LILACS databases, considering publications
from December 2019, when the pandemic started,
to September 2022.

Relevant keywords were selected and the following
search strategy was defined: COVID19 OR COVID-19
Viral Disease OR 2019-nCoV Disease OR Coronavirus
2019 Disease OR 2019-nCoV Coronavirus Disease
OR Coronavirus-19 Disease OR Novel Coronavirus
2019 Disease OR COVID-19 Virus Disease OR Wuhan
Coronavirus Pneumonia Epidemic OR Wuhan 2019-2020
Coronavirus Pneumonia Epidemic OR Coronavirus
from Wuhan Pneumonia Epidemic OR Coronavirus
from Wuhan 2019-2020 Pneumonia Epidemic OR
Novel Coronavirus 2019-2020 Pneumonia Epidemic
OR Wuhan Coronavirus Epidemic OR Coronavirus
from Wuhan Epidemic OR Novel Coronavirus 2019
Epidemic OR 2019-nCoV Epidemic OR Wuhan
Coronavirus Epidemic OR Coronavirus from Wuhan
Epidemic OR Novel Coronavirus 2019 Epidemic OR
Wuhan Coronavirus Pneumonia Fever OR COVID-19
Viral Infection OR Infection by the 2019-nCoV
Coronavirus OR Infection by the Wuhan Coronavirus
OR Infection by the SARS-CoV-2 OR 2019-nCoV
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Infection OR 2019-nCoV Coronavirus Infection OR
Wuhan Coronavirus Infection OR Novel Coronavirus
2019 Infection OR SARS Coronavirus 2 Infection OR
SARS-CoV-2 Infection OR COVID-19 Virus Infection
OR SARS-CoV-2 Infections OR COVID-19 Pandemic
OR COVID-19 Pandemics OR Wuhan Seafood Market
Pneumonia OR Wuhan Coronavirus Pneumonia
OR Novel Coronavirus 2019-2020 Pneumonia OR
Wuhan Coronavirus Outbreak OR 2019-2020 Chinese
Pneumonia Outbreak OR Pneumonia Outbreak in China
2019-2020 OR 2019-nCoV Coronavirus Outbreak OR
Wuhan Coronavirus Outbreak OR Wuhan Coronavirus
2019-2020 Outbreak OR Novel Coronavirus 2019
Outbreak OR 2019-nCoV Outbreak OR 2019-nCoV
Coronavirus Outbreak OR Wuhan Coronavirus Outbreak
OR Wuhan Coronavirus 2019-2020 Outbreak OR
Novel Coronavirus 2019 Outbreak OR COVID-19
Virosis) AND (Deep Venous Thrombosis lower
limbs OR Deep Venous Thrombosis lower limb OR
Deep Vein Thrombosis lower limbs OR Deep Vein
Thrombosis lower limb OR Thrombosis of lower
limbs deep veins OR Thrombosis of lower limb deep
veins OR Deep Vein Thrombosis lower extremities
OR Deep Vein Thrombosis lower extremity).

The review included cross-sectional, case-control,
and cohort studies that were directly related to the
subject of interest. The first step in analysis of
the articles was reading the titles and abstracts to
classify them by study type and eliminate duplicated
publications. The full texts of articles were then read
to identify the characteristics, objectives, and results
of each study. Data were extracted from each article

Deep venous thrombosis and COVID-19

and input to a dedicated spreadsheet containing title,
authors, year of publication, country in which the
study was conducted, periodical, objective, type of
study, sample, tests used for diagnosis, main results,
and evidence level. An analysis was conducted to
determine the degree of evidence of each article using
the SORT (Strength of Recommendation Taxonomy)
protocol. This classification stratifies evidence levels as:
A) consistent and good quality patient-oriented evidence;
B) inconsistent or limited quality patient-oriented
evidence; or C) consensus, usual practice, opinion,
disease-oriented evidence, or case series for studies
of diagnosis, treatment, prevention, or screening.
The review included articles related to the primary
outcome of interest - symptomatic and asymptomatic
DVT - and also cases diagnosed incidentally or
systematically in the lower limbs of patients with
confirmed COVID-19. Case reports and articles on
arterial and venous vascular complications located
in other anatomic sites were excluded. A total of 284
articles were identified, 42 of which were analyzed.
Figure 1 illustrates the procedures employed and
the process for selection of articles from the databases.

RESULTS

Table 1 lists the data extracted from each of
the 42 scientific articles selected for the review,
including title, authors, year of publication, country
in which the study was conducted, periodical,
objective, study type, sample, tests used for diagnosis
of DVT, and main results on disease prevalence.

LILACS
n=16

SciELO
n=1

Cochrane
n=3

Scopus
n =80

Web of Science
n=35

PubMed
n=149

-

| Number of articles identified in the databases = 284 |

-

Duplicate articles
excluded = 63

=

| Number of articles after exclusion of duplicates = 221 |

—

| Reading of 221 abstracts |

=

Articles excluded after
reading titles and
abstracts =179

=

Number of articles after application of inclusion
and exclusion criteria = 42

!

Number of articles selected for the review = 42

Figure 1. Search strategy used for literature review of lower limb deep venous thrombosis in patients with COVID-19.
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The studies included (total n = 42) were conducted
Italy (n = 12), the United States (n = 8), France
(n =6), China (n =5), Spain (n = 4), Brazil (n = 2),
Argentina (n = 1), Croatia (n = 1), Egypt (n = 1),
Sweden (n = 1), and Switzerland (n = 1). It was
observed that the majority of the articles were cohort
studies. Ultrasound was the supplementary test most
often used to diagnose DVT in the lower limbs. There
was major variability in the results for prevalence
(range: 0.43 to 60.87%). The majority of articles were
classified at evidence level A (n = 19).

DISCUSSION

This integrative review found that many different
studies have been conducted in different parts of
the world to investigate the signs and symptoms
of COVID-19 and its systemic complications,
such as DVT in the lower limbs. Clinical and
epidemiological data are essential to guide planning
and implementation of provision of health care for
patients with these diseases.

It was observed that the majority of these studies
were conducted in countries in Europe and America
and just one study was conducted in Africa. In view
of this, it is clearly important to conduct studies
with different populations, considering the diversity
of ethnicities, cultures, and social and economic
conditions, with the objective of better understanding
the multisystemic characteristics of the disease and
identifying possible factors that could be associated
with occurrence of DVT in the lower limbs of patients
with COVID-19.

This review found that the incidence of cases of
DVT in the lower limbs of patients with COVID-19
was investigated in different population groups, with
mild, moderate, and severe forms of COVID-19,
and it is possible that these factors have influenced
the variability in the data reported by the studies
analyzed.

A study conducted at the Wuhan Union Hospital,
in China, with 88 patients admitted with confirmed
COVID-19 pneumonia, 31 of which were critical
cases, 33 severe cases, and 24 mild cases, identified
DVT in the lower limbs of 19 patients (21.59%), 12 in
critical patients and 7 in severe cases. This therefore
suggests that occurrence of DVT in patients with
COVID-19 may be related to disease severity, since
it is more frequent in patients admitted to intensive
care units in respiratory distress with respiratory
rate > 30 breaths/minute; peripheral oxy-hemoglobin
saturation < 93% at rest; ratio of partial pressure of
oxygen/fraction of inspired oxygen < 300 mmHg;
respiratory failure requiring mechanical ventilation;
shock; or failure of other organs. !¢
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It is important to point out that, although the possible
mechanisms and factors related to thromboembolic
changes found in patients with COVID-19 have
not been completely elucidated, the literature has
demonstrated that formation of proinflammatory
cytokines, induction of procoagulatory factors, and
hemodynamic changes that predispose to ischemia
and thrombosis can contribute to development
of DVT in the lower limbs of these patients.
Furthermore, changes that can be detected with
laboratory tests, such as lymphopenia, neutrophilia,
elevated prothrombin time, and elevated DD, have
been observed in patients who develop venous
thromboembolism.*

Recent studies have shown that patients hospitalized
for COVID-19 are at high risk of development of
thromboembolic events, and, consequently, there
was a massive increase in requests for computed
tomography and color Doppler ultrasonography
(CDUS), with the objective of identifying cases of
PE and DVT in these patients. The present review
found that CDUS was the diagnostic method most
used to identify DVT in the lower limbs of patients
with COVID-19. Early diagnosis of DVT in the lower
limbs of patients with COVID-19 is of fundamental
importance for good prognosis. It should be stressed
that examinations to investigate vascular changes
are important regardless of the presence of signs
or symptoms of DVT, especially in patients with
severe cases of COVID-19, admitted to intensive
care units, and/or on ventilatory support, with the
purpose of diagnosis and monitoring of the problem,
considering that the prevalence of DVT in lower
limbs was higher in more severe cases and in the
presence of immobilization.>

Analysis of the treatments employed for management
of DVT in the lower limbs of patients with COVID-19
suggests that early administration of prophylactic
anticoagulant is beneficial to the prognosis of
critical patients with COVID-19 pneumonia and
will probably reduce the rates of thromboembolic
events. However, there are inconsistencies in the
literatul‘e.14‘28‘30’4]’44’45

The studies included in this review describe
patients with COVID-19 of varying degrees of
severity and from different population groups.
The lack of additional detailed information about
the health conditions of these patients was a
factor that made in-depth analysis of these issues
difficult, which can be considered a limitation
of the study. Moreover, the analysis conducted
in this review should be updated constantly,
considering that different periods of time since
the disease emerged may yield different findings.
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It is clear that further studies are needed to confirm
the applicability and effectiveness in specific
population groups of the diagnostic methods and
treatments used to treat DVT in the lower limbs of
patients with COVID-19. The disease’s extreme
transmissibility and lethality meant that scientific
efforts and resources were initially directed towards
discovering preventative methods, with emphasis on
development of vaccines for SARS-CoV-2, while
the disease’s multisystemic characteristics are now
being better understood.

CONCLUSIONS

There was major variability in the prevalence of
DVT in patients with COVID-19 and DVT in the
lower limbs appears to be associated with more
severe cases of COVID-19, such as in patients
admitted to intensive care units with respiratory
distress with respiratory rate > 30 breaths/minute;
peripheral oxy-hemoglobin saturation < 93% at
rest; ratio of partial pressure of oxygen/fraction of
inspired oxygen < 300 mmHg; respiratory failure
requiring mechanical ventilation; shock; or failure
of other organs.
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