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Purpose: The SARS-CoV-2 disease predisposes infected individuals to thrombosis, the underlying mechanisms of which are not fully
understood. The balance between pro-coagulant factors and natural coagulation inhibitors in critically ill patients with Covid-19 is
fundamental to the prevention and treatment of complications. The aim of the present study was to investigate the pulmonary injury
patterns in Covid-19 having higher mortality in the presence of deep vein thrombosis in comparison to patients without venous
thrombosis and determine the Gamma variant.

Methods: A retrospective study was conducted involving the evaluation of 200 medical records of patients with Covid-19 and
a clinical suspicion of deep vein thrombosis (DVT) at the intensive care unit of a public hospital. The sample was divided into two
groups of patients were formed — those positive and those negative for DVT. Statistical analysis involved the use of Fisher’s exact test,
the paired #-test and chi-square test.

Results: Patients with DVT had more severe lung injuries (greater than 70%) compared to those without DVT (p = 0.003). Lesions
affecting 50% to 70% of the lung area occurred in little more half of the group with DVT and just under half in the group without DVT
(p = 0.5). Pulmonary lesions affecting less than 50% of the lung occurred more in patients without DVT (p = 0.0001). The Gamma
variant increased prevalence of the both DVT and mortality (p=0.0001).

Conclusion: Deep vein thrombosis is an aggravating factor of mortality in patients with SARS-CoV-2, and the Gamma variant is an
aggravating factor of both thrombotic events and mortality.
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Introduction
The SARS-CoV-2 disease predisposes infected individuals to thrombosis, the underlying mechanisms of which are not
fully understood. The balance between pro-coagulant factors and natural coagulation inhibitors in critically ill patients
with Covid-19 is fundamental to the prevention and treatment of complications." A study confirms that critically ill
patients with coronavirus may develop arterial and deep vein thrombosis, which increased the risk of mortality. Thus,
adequate early conduct can improve the overall survival rate, especially among patients 60 years of age or younger.’
D dimer concentrations are high in nearly all patients with Covid-19. Moreover, concentrations >3000 ng/mL (more than 13-
fold higher than the normal range) seem to be reliable with regard to screening for deep vein thrombosis (DVT) in the lower
limbs.?
Anticoagulant therapy is associated with a reduction in mortality. However, the best dose and option timing remain the
object of study. One study found a 2.5% rate of major hemorrhagic events in a group given an intermediate dose, with a 1.07%
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rate of fatal events, compared to only four major hemorrhagic events (1.4%) and no mortality in the group given a standard
prophylactic dose.*

The sequencing of the genome of the virus sampled in the city of Manaus (Brazil) between November 2020 and
January 2021 revealed the emergence and circulation of a worrisome novel variant of SARS-CoV-2. The Gamma variant
line acquired 17 mutations, including three in the spike protein (K417T, E484K and N501Y), and an increase in bonding
to the human angiotensin converting enzyme 2 (ACE2) receptor.’

Recent observations suggest that venous thrombosis is a clinical aggravating factor in patients with SARS-CoV-2.
The aim of the present study was to investigate the mortality rate in patients with pulmonary injury patterns in Covid-19
in the presence of deep vein thrombosis in comparison to patients with the same pulmonary injury patterns without
venous thrombosis and determine the effect of the Gamma variant.

Methods

Patients and Setting

Patients with SARS-CoV-2 and a clinical suspicion of DVT at intensive care units (ICUs) of the public hospital affiliated
with the S8o Jose do Rio Preto School of Medicine were evaluated until forming two groups of 100 patients each
(positive and negative for DVT) between March 2020 and April 2021.

Design

A retrospective study of medical records was conducted using 200 consecutive medical records of patients with SARS-
CoV-2. The patients formed two groups (100 positive for DVT and 100 negative for DVT). Fisher’s exact test was used
to determine whether mortality due to pulmonary lesions in Covid-19 and the Gamma variant was associated with DVT.

Inclusion Criteria
Medical records of patients with SARS-CoV-2 evaluated at the Doppler service of the hospital having testing positive
and negative for DVT and having undergone chest tomography.

Exclusion Criterion
Medical records of patients with inconclusive exam results.

Ethical Approval and Informed Consent Statements

This study received approval from the institutional review board Sao Jose do Rio Preto School of Medicine-FAMERP-
Brazil (certificate number #4.720.521). The consent form required for patients participating in a study or for data
verification, their medical records, which were the case for this research, was waived by the local ethics committee
because of not having contact with the patients or died, all of whom were discharged from the hospital, but with a
document attached by the researchers to the ethics committee with a term of commitment to use data for research in
compliance with the Declaration of Helsinki. The researchers signed a term of commitment to use data with absolute
secrecy, approved by the institution in conformity local ethical committee.

Statistical Analysis
Descriptive statistics of the data were performed. Comparisons between groups were performed using Fisher’s exact test,
the paired #-test and chi-square test considering a 5% alpha error.

Selection of Patients

Consecutive patients with SARS-CoV-2 and a suspicion of DVT by the ICU team sent for bilateral venous Doppler exam
of the lower limbs and submitted to chest tomography until completing two groups of patients — 100 positive for DVT
and 100 negative for DVT.
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Development

In a population of more than 5700 patients hospitalized in the infirmaries and ICUs of the public hospital between
March 2020 and April 2021 for SARS-CoV-2, 200 admitted to the ICUs that had a clinical suspicion of DVT based on
high D dimer levels were selected and divided into two groups — 100 patients positive for DVT and 100 negative for
DVT. The data were correlated with the tomographic results, and the patients were subdivided based on the extent of
pulmonary injury (=25% to <50% of the lungs affected; >50% to <70%; and >70% the lungs affected). Associations
between DVT and mortality were investigated. Correlations between mortality and data on the frequency of Brazilian
variants were also investigated by sequencing the genome of the virus. The data were entered into an Excel table, and
associations were tested using Fisher’s exact test, the paired #-test and chi-square test.

Results

Forty-two patients in the group without DVT were women and 58 were men. Thirty-four of the patients in the group with
DVT were women and 66 were men. No statistically significant difference in sex was found between groups (p = 0.2,
Fisher’s exact test). Mean age was 55.58 years with a standard deviation of 12.91 years in the group with DVT and 58.61
years with a standard deviation of 14.21 in the group without DVT; with no significant difference between groups (p =
0.12, paired #-test).

Patients with DVT had more severe pulmonary lesions (greater than 70%) compared to those without DVT (p =
0.003, Fisher’s exact test). Lesions affecting 50% to 70% of the lung area occurred in little more than half of the group
with DVT and little less than half in the group without DVT (p = 0.5). Pulmonary lesions affecting less than 50% of the
lung occurred more in patients without DVT (p = 0.0001), as shown in Table 1.

The mortality rate due to lung injury was higher among the patients with DVT. For injuries affecting >25% to <50%
of the lungs, the mortality rate was 36.36% (4/11) in the group with DVT and 16.12% (5/31) in the group without DVT (p
= 0.2, Fisher’s exact test). For injuries affecting >50% to <70% of the lungs, the mortality rate was 71.15% (37/52) in the
group with DVT and 26.19% (11/42) in the group without DVT (p = 0.0001, Fisher’s exact test). For injuries affecting
>70% of the lungs, the mortality rate was 74.26% (26/35) in the group with DVT and 40.9% (9/22) in the group without
DVT (p = 0.01, Fisher’s exact test), as shown in Table 2.

Cases of DVT before predominance of Gamma variant (November 2020 to February 2021) and after predominance of
Gamma variant (March to May 2021) are shown in Table 3. Figure 1 shows a significant increase in the occurrence of
DVT chi-square test = P < 0.0001; odds ratio = 0,197,889; approximate 95% confidence interval = 0,126,446 to
0,309,698, and mortality chi-square test =P < 0.0001 with odds ratio = 0,576,321 [95% CI] = 0,490,695 to 0,67,689
after the emergence of the Gamma variant.

Discussion

The present study shows that the presence of deep vein thrombosis (DVT) increases the risk of mortality in SARS-CoV-2
patients with lung injury compared to patients without DVT, as found in all categories of lung injury investigated.
Therefore, DVT is an indicator of an increase in mortality in patients with SARS-CoV-2. Gamma variant increased both
the prevalence of DVT and the mortality rate in these patients.

Table | Extent of Lung Injury According to Presence or Absence of Deep Vein
Thrombosis (DVT)

Lung Injury With DVT Without DVT p-value
>70 34 16 0.003
50 <70 51 47 0.5
25 <50 9 32 0.0001
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Table 2 Mortality and Survival Rates Associated with Extent of Lung Injury According to Presence or Absence of Deep Vein

Thrombosis
% Lung Injury | With DVT Death | With DVT Survival | Without DVT Death | Without DVT Survival | p-value
>25 <50% 4(36.38%) 7 5(16.12%) 26 0.2
50 <70% 37(71.15%) 15 11(26.12%) 31 0.0001
>70% 26(74.28%) 9 9(40.9%) 13 < 0.0l
Total 67 31 25 69

Table 3 DVT Before Predominance of Gamma Variant (November 2020 to
February 2021) and After Predominance of Gamma Variant (March to May 2021)

Month/Year DVT SARS- CoV-2 DVT Gamma Variant
Nov/20 191 0

Dec/20 372 0

Jan/21 498 0

Feb/21 355 0

Mar/21 622

Apr/21 624

May /21 496

Total 1416 1742

A study by the authors in the publication phase found that the Gamma variant increased both the prevalence of DVT

and the mortality rate in these patients. Another study by the authors involving two groups of 100 consecutive patients

found that pulmonary thrombosis associated with DVT doubled the mortality rate in these patients.
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Figure | Variations in occurrence of deep venous thrombosis before and after Gamma variant.
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The main cause of mortality in SARS-CoV-2 is vascular and associated with pulmonary thrombosis, with the
occurrence of pulmonary embolism in some cases. The increase in the extent of thrombotic processes in the venous
microcirculation, may be the cause of this increase in mortality. Thus, one of the goals for reducing the mortality rate in
these patients is an improvement in the prevention of thrombotic events, the early diagnosis of thrombosis and adequate
treatment.

Thrombotic events have occurred in hospitalized patients. However, there are several cases in which patients have had
thrombotic episode days after being discharged. Another finding is that thrombotic events occur at several venous sites
bilaterally and mainly below the knee. An aggravating factor is the rapid predominance of the Gamma variant, which was
identified in more than 45% of patients in February 2021 and increasing to 83%, 97% and 98% in the subsequent months.
This is the second wave that we are experiencing and is associated with a greater frequency of DVT compared to
previous viral types.

The present study stresses two negative aspects — the higher mortality rate of SARS-CoV-2 in patients with DVT and
the aggravation of the condition by the novel variant of the virus. The challenges are to improve the prevention of
thrombosis, perform an early diagnosis and establish adequate treatment.

The identification of the physiopathological processes involved in thrombotic events is fundamental to the establish-
ment of the best prophylactic and therapeutic measures. Anticoagulant therapy with heparin is the most widely used form
throughout the world, but an important failure is seen at the moment, with a significant increase in the occurrence of
thrombotic events associated with the Gamma variant. The use of aspirin is another option, but only in select cases as
monotherapy or combined with anticoagulant therapy. Therefore, the aim is to interfere with the cascade of coagulation
or platelet aggregation.

SARS-CoV-2 has challenged these routine prevention methods because it encompasses multiple physiopathological
mechanisms involving inflammation, the coagulation cascade and the immune response of the patient. Therefore,
immunothrombosis constitutes our challenge, as routine measures have an unacceptable failure rate at the moment.

One of the options is the indication of an intermediate dose of heparin for selected patients in ICUs. The constant
tracking of thrombotic events in these patients and that adjustment of the anticoagulant dose are conducts that many
services employ. However, new measures must be taken with the emergence of the Gamma variant.

In patients with the Gamma variant in hospital ward, the combination of 100 mg of aspirin and a prophylactic dose of
anticoagulant is a suggestion. This option used for the prevention of recurrent miscarriage due to antiphospholipid
antibody syndrome, which constitutes a cause of immunothrombosis.®® Therefore, this is the best suggestion at the
moment for patients admitted to [CUs and failed cases of intermediate anticoagulant therapy.

In summary, the Gamma variant is an aggravating factor for thrombotic events and greater mortality in these patients.
Thus, there is a need for prophylaxis as well as a reevaluation of prophylactic conduct.

Conclusion
Deep vein thrombosis is an aggravating factor of mortality in patients with SARS-CoV-2, and the Gamma variant is an
aggravating factor of both thrombotic events and mortality.
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