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ABSTRACT

Aim: The objective of this study was to determine the patient characteristics and clinical outcomes
of COVID-19 patients who experienced a thromboembolic event (TEE) and the frequency of this
complication.

Materials and Methods: Between January 2020 and December 2021, all the patients with positive
COVID-19 PCR test results were enrolled in this study. The data of the cases that developed TEE with
the diagnosis of COVID-19 were evaluated retrospectively.

Results: During the study period, a total of 2,845 patients were hospitalized with a diagnosis of
COVID-19. Among this group, 96 patients (3.37%) had TEE associated with COVID-19. The mean age
was 63.76 £13.85 years (range: 28-80 years), with 46 males (4.92%) and 50 females (52.08%). Of these
patients, 46 (47.92%) had severe COVID-19 and 50 (52.08%) had only mild respiratory symptoms.
Patientsin the severe COVID-19 group were older, but there was no statistical significance between
the groups. The peripheral venous disease was more common in the mild COVID-19 group while
the peripheral arterial disease was more common in the severe COVID-19 group. CRP, uric acid,
froponin, creatinine, D-dimer, and leukocyte levels were higher in severe COVID-19 patients with
TEE (0<0.05). 81 of 96 patients (84.37%) had the peripheral venous disease, 5 of 96 patients (5.2%)
had peripheral arterial disease and 11 of 96 patients (11.45%) had a pulmonary embolism. One
patient (1.04%) had both peripheral venous disease and pulmonary embolism. The overall mortality
rate was 6.25% (6/96).

Conclusions: The thrombotic process associated with COVID-19 affects venous structures more
frequently than arteries. Given the significant risk observed for TEE in COVID-19, diagnostic imaging
for TEE should be considered with a high degree of clinical suspicion.
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Aim: Bu calismadaki amag fromboembolik olay (TEE) yasayan COVID-19 hastalarinin hasta
ozelliklerini ve klinik sonuglarini ve bu komplikasyonun sikligini belilemekti.

Gere¢ ve Yontemler: Ocak 2020 ve Aralk 2021 tarihleri arasinda COVID-19 PCR test sonuclari
pozitif olan tOm hastalar bu calismaya dahil edildi. COVID-19 tanisi ile TEE gelisen vakalarin verileri
retrospektif olarak degerlendirildi.

Bulgular: Calisma dénemiboyunca toplam 2.845 hasta COVID-19 tanisiile yatarak tedavi gérmuistU.
Bu grup icinde 96 hastada (%3,37) COVID-19 ile iliskili TEE vardi. Ortalama yas 63,76 13,85 yil (aralik:
28-80 yil) olup, bu olgularin 46 erkek (%4,92) ve 50 kadin (%52,08) idi. Bu hastalardan 96'sinin 46'sinda
(%47,92) siddetli COVID-19 vardi ve 96’sinin 50'sinde (%52,08) sadece hafif solunum semptomlar
vardi. Siddetli COVID-19 grubu hastalan daha yaslydi, ancak gruplar arasinda istatistiksel anlamlilik
yoktu. Periferik vendz hastalik hafif COVID-19 grubunda daha yayginken, periferik arter hastaligi
siddetli COVID-19 grubunda daha yaygin olarak saptandi. CRP, Urik asit, troponin, kreatinin,
D-dimer ve |6kosit seviyeleri TEE'si olan agir COVID-19 hastalarinda daha yUksekti (p<0,05). 96
hastanin 81'inde (%84,37) periferik vendz hastalik, 96 hastanin 5'inde (%5,2) periferik arter hastaligi
ve 11'inde (%11,45) pulmoner emboli mevcuttu. Bir hastada (%1,04) hem periferik vendz hastalik
hem de pulmoner emboli vardi. Genel mortalite orani %6,25 (6/96) idi.

Sonuglar: COVID-19 ile iliskili frombotik sUre¢c vendz yapilan arterlerden daha sik etkilemektedir.
COVID-19'da TEE icin gbzlenen dnemli risk gbéz &dnUne alindiginda, TEE igin tanisal gérintileme
yUksek derecede klinik siphe ile degerlendiriimelidir.

Anahtar Kelimeler: COVID-19; SARS-CoV-2; Tromboz; Emboli

Coronavirus Disease of 2019 (COVID-19) is a viral triggers a widespread hypercoagulable condition
infection caused by the SARS-CoV-2 coronavirus has been hypothesized as the cause of this situation
(Severe Acute Respiratory Syndrome Coronavirus 2) (4). According fo the initial research on COVID-19
and causes mainly respiratory symptoms. Although coagulopathy, sepsis-induced cytokine release, an

COVID-19 was previously believed to cause only

increase in Angiotensin Il, a reduction in vasodilator

respiratory illness, it was soon realized that many organ angiotensin, and a combination of these factors led to
systems might also be damaged (1). This infection a hypercoagulable condition (5). According to various
has been reported to enhance the incidence of hypotheses, elevated autoimmune antibodies could
venous and arterial TEE despite being a respiratory trigger an inflammatory state that increases the risk of
condition. The general scientific community is paying thrombosis (6). Venous thromboembolism (VTE), which
attention to the connection between COVID-19 and affects 20% of these patients and occurs more frequently
thrombosis (2,3). A strong inlammatory response that in those who are critically ill, is thought to be related to
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a considerable risk for COVID-19 (7-10). But there is a
shortage of data about Turkish COVID-19 patients. Our
study’s objectives were to examine the prevalence of
TEE in COVID-19 patients receiving hospital care at our
hospital, as well as to reveal the patient characteristics
and clinical outcomes of those who experience this
complication.

Materials and Methods

Between January 2020 and December 2021,
hospitalized patients with positive COVID-19 PCR test
results were included in this study at one cenfer's
COVID-19 wards andintensive care unit (ICU). The study
was approved by the Ministry of Health’'s COVID-19
Scientific Research Assessment Commission and the
university faculty of the medical ethics committee
(decision number, 2022-03, date: 02.02.2022).

Hospitalized patients who were over 18 years old and
whose combined nasopharyngeal swab sample tests
were positive for COVID-19 polymerase chain reaction
(PCR) (as determined by the microbiology laboratory
at our hospital) were the subjects of the study. The
study was carried out refrospectively, and the hospital
aufomation system (MIA-med) was used fo refrieve
the information about these patients. Patients with
negative COVID-19 PCR fest results at one center
but with positive COVID-19 PCR test results at another
medical facility were excluded from the research.

According to information from the World Health
Organization and the Ministry of Health's COVID-19
Diagnosis and Treatment Guideline, the cases’
diagnoses, freatments, and follow-ups were organized.
According to the Ministry of Health of the Republic of
Turkiye, patients with COVID-19 were categorized as
severe disease and mild disease. The data pertain to
cases and include epidemiological and demographic
information, age, gender, contact and fransmission
history, the presence of concomitant chronic disease
and risk factors, symptoms, and signs, as well as
laboratory and radiological findings (hemogram, c
reactive protein (CRP), procalcitonin, erythrocyte
sedimentation rate (ESR), alanine aminotransferase
(ALT) aspartate  aminofransferase  (AST), ureq,
creatinine, Lactate Dehydrogenase (LDH) triglyceride,
D-dimer, international normalized ratio (INR), ferrifin.
Chestradiography, chest CT (computed tomography),
arterial and venous doppler ultrasonography results
were analyzed.

The Turkish Ministry of Health’'s COVID-19 guidelines
were used to classify the severity of the disease.

Statistical analysis

SPSS 19.0 (SPSS INC, Chicago, Il, USA) application
was obtained by using statistical data. Kolmogorov
- Smirnov test was used to assess the confinuous
distribution of variables. The continuous variables
obtained as a result of the analysis are expressed as
mean * standard deviation. T-tests and Mann-Whitney
tests were used in the comparison of parameters that
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fit and do not comply with the normal distribution.
95 % confidence intervals were calculated with
standardized beta coefficients. The p value < 0.05 was
considered statistically significant.

Results

During the study period, 2.845 inpatients were
admitted with COVID-19. Among this group, 96
patients (3.37%) had TEE associated with COVID-19.
The mean age was 63.76+13.85 years (range, 28-80
years) with 46 men (47.92%) and 50 women (52.08%).
The peripheral venous disease was present in 81 of 96
(84.37%), peripheral arterial disease in 5 of 96 (5.2%),
and pulmonary embolism in 11 (11.45%) cases (Figure

1).

Of the patients, 46 of 96 (47.92%) had severe
COVID-19, and 50 of 96 (52.08%) had only mild
respiratory symptoms. The distribution of ischemic
events: One (1.04%) patient had both cerebral and
lower extremities while three (3.12%) patients had
atf least one lower limb ischemia. Four patients had
revascularization attempts, and three of them (or 75%)
were able to save a limb. The overall mortality was
6.25% (6/96). The most prevalent underlying disease
were diabetes mellitus (22.91%) and history of smoking
(35.41%). Table 1 summarizes the characteristics of the
COVID-19 patients with TEE.

CRP, uric acid, froponin, creatinine, D-dimer, and
leukocyte levels were higher in severe COVID-19
patients with TEE (p<0.05). Also, the severe COVID-19
group patients were older but there was no statistical
significance between the groups (Table 2).

The mean froponin levels were higher in the male
group (Figure 2).

The peripheral venous disease was more common in
the mild COVID-19 group, while the peripheral arterial
disease is more common in the severe COVID-19
group (Table 3).

50+
I Male
I Female

Count

PERIPHERAL LIME ARTERY PULMONARY EMBOLISM

PERIPHERAL/ LIMB
WENOUS

THROMBOEMBOLIA TYPE

Figure 1. Distribution of thromboembolism types between genders
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Figure 2. Figure showing the median value of uric acid, crp, and
froponin between the genders.

Table 1. Characteristics of the COVID-19 patients with thromboembolic
events

COVID-19 patients with
thromboembolic event (n=96)

Age (years) 63.76+13.85
Gender (male) 46 (47.92%)
Diabetes mellitus 22 (22.91%)
Hypertension 10 (10.4%)
Coronary artery disease 5 (5.2%)
rCel:‘r;n:i:s::isr;ey disease/end-stage 11 (11.45%)
Smoking history 34 (35.41%)
Hyperlipidemia 16 (16.66%)
Atrial fibrillation 3 (3.12%)
Obesity (BMI>30) 10 (10.4%)
Glucose (mg/dl) 111 (97-152.5)
Creatinine (mg/dl) 0.93 (0.8-1.32)
Uric acid 5.6 (3.9-7.1)
Sodium (mmol/L) 138 (135-140)
Potassium (mmol/L) 4.2 (3.9-4.5)
AST (U/L) 30 (20.5-41)
ALT (U/L) 21 (14-36.5)
Hgb (g/dl) 12.50+2.25
WBC count,10°/ L 8.05%5.67
Platelet count 10°/ L 196 (156-235)
RDW (%) 14.46+1.97
CRP 2.68 (0.86-10)
D-dimer 1.78 (0.34-2.95)
Troponin ng/L 9 (5-29)

*BMI: Body mass index
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Table 2. Laboratory characteristics between genders of COVID-19
patients with thromboembolic events

Severe COVID-19  Mild COVID-19
Characteristics p valve

(n= 46) (n=50)
Age (years) 66.34+14.32 61.38+13.09 0.790
Glucose (mg/dl) 120 (98-155) 105.5 (97-105.5) 0.684
Creatinine (mg/dl) 1.09 (0.85-1.71) 0.84 (0.72-0.84) <0.001
Uric acid 6.7 (5.6-8.1) 4.5 (3.4-4.5) <0.001
Sodium (mmol/L) 137 (135-139.5) 138 (134.2-138) 0.659
Potassium (mmol/L) 4.3 (3.8-4.7) 4.08 (3.9-4.5) 0.246
AST (U/L) 34 (20-43) 29 (20.5-29) 0.201
ALT (U/L) 24 (14.5-41) 20 (13.2-31) 0.237
Hgb (g/dl) 12.78+2.52 12.26+1.96 0.255
Leukocyte count,10°/ L 9.65%6.31 6.61+£4.85 0.008
Platelet count 107/ L 196 (156.5-251.5) 196 (154.5-233.2)  0.851
RDW (%) 14.42+1.79 14.51£2.15 0.828
CRP 6.43 (1.36-14) 1.9 (0.4-3.72) <0.001
D-dimer 1.77 (0.38-2.95) 0.77 (0.34-1.3) <0.001
Troponin ng/L 22 (8-45.5) 7 (3-15.5) <0.001

Table 3. Distubition of thromboembolic event's form according to
disease severity

Severe

Thi li Mil VID-19

romboembolic COVID-19 (n= ild CO Total
event's form (n=50)

46)

P?rlpherol venous 33 48 81
disease
Peripheral i

'erlp eral arterial 5 0 5
disease
Pulmonary embolism 8 8 11
Both peripheral venous
disease and pulmonary 1 0 1
embolism

Discussion

Numerous observational research has revealed that
patients with COVID-19 both hospitalized in wards and
ICUs experienced unusudlly high rates of VIE. Many
of these previous studies showed significant rates of
VTE even when patients were receiving routine or
even stronger pharmacologic prophylaxis for the
condition. Acute respiratory distress syndrome patients
have also received fibrinolytic treatment in some
studies. Unfortunately, there are not enough high-
quality randomized confrolled ftrials (11).According
to a recent study, the incidence rate of TEE among
hospitalized COVID-19 patients ranges from 2.6 to 85%
(both mild or severe COVID-19-infected patients) (12).
Although it is difficult to determine the exact incidence
of COVID-19-related TEE, it seemed to be low (3.37%)
in our center during the COVID-19 pandemic. Because
it only includes severe instances required consultation
with vascular surgery, the published number, which
was based on a voluntary survey of physicians,
probably underestimates the true incidence. There is
a close association between COVID-19 and VTE. lIts
connectionto VTEis becoming clear as our knowledge
grows. The incidence of VTE in COVID-19 individuals
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differs between the studies that were described in
the literature. VTE is generally more frequently seen in
patients in ICU and in cases of severe disease. On the
other hand, the literature is inconsistent when it comes
to the use of anficoagulant prophylaxis (12). We found
that COVID-19 VTE affected 3,37% of the inpatients.
As would typically happen with ischemia brought on
by atherosclerosis, the younger age groups were not
spared by the age spectrum. Indes et al. (13) reported
that the patients who tested positive for SARS-CoV-2
and had arterial thrombosis evidence tended to be
younger and more often male. However, we did
not include patients in our study who had negative
COVID-19 PCR test results. In our study, both arterial
and venous thromboembolism cases were included
and there was no significant difference according
to gender. Since the number of cases with arterial
involvement was insufficient, we could not make a
comparison between the groups. The goal of the study
was to defermine the common traits of individuals who
experienced a COVID-19-related TEE.

Compared to hemorrhagic coagulopathy, COVID-
19-induced coagulopathy (CIC) appears to be more
prothrombotic. The idea that CIC may represent an
unrestrained immunothrombotic reaction fo COVID-19
is supported by mounting dafta on venous and arterial
TEE in these critically il COVID-19 patients. It has been
suggested that hypoxia, a significant inflammatory
response, a severe illness, and underlying risk factors
may also make patients more vulnerable to TEEs
(13-18). However, there were 46 TEE in the severe
COVID-19 group and 50 in the mild COVID-19 group in
the present study.

Patients who are hospitalized and have an acute
medical condition, like an infection, are more likely
to develop VITE. Depending on the method of
measurement, the percentage of VTE in patients in
general wards ranges from 5% to 15%. Pharmacologic
prophylaxis is used to reduce the risk to 2.8% 5%. The
risk of VTE increases in patients in the ICU (11). One
meta-analysis found rates ranging from 10% to 30%
(18). The rate of VTE in hospitalized wards and ICU
patients with COVID-19 has been observed in several
studies to be higher than anticipated (19-26).In our
stfudy, even though ICU patients were included, we
divided the groups into mild and severe. Peripheral
venous disease was more common in the mild
COVID-19 group, while peripheral arterial disease is
more common in the severe COVID-19 group. Since
there have been no placebo-controlled randomized
frials, it is impossible to determine the tfrue risk of VTE in
COVID-19 patients. According to reports, rates of VTE
in general medical ward patients with COVID-19 range
from about 4% in patients who underwent a clinical
evaluation to as high as 15% in those who underwent
compression ultrasound screening (25,27,28). Arterial/
venous Doppler or thoracic CT angiography was not
performed on all covid 19 patients in our series. The
patientsincludedin the study due to thromboembolism
were the patients who were consulted and diagnosed
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with TEE. Some patients may have been overlooked.

In conclusion, the TEEs associated with COVID-19
affect venous structures more frequently than arteries.
Given the significant risk observed for TEE in COVID-19,
caution should be exercised for this potentially mortal
complication. Although the rafe of TEE seems to be
relatively low in our study, some patients may have
been missed in our refrospective study. COVID-19
patients should be evaluated for TEE and further
investigations, including imaging, should be performed
in the presence of high clinical suspicion.

Limitations

This study had a refrospective and,a single-centfer
design and also did not include a confrol group. The
small sample size limits the statistical significance of
our findings. Due to the relatively low rates of COVID-
19-associated arterial thrombosis, it is doubtful that
any significant numbers will be reported. Smaller
detailed reports, like ours, will therefore be useful to
comprehend the general course of the disease.

References

1.Vo 1D, Daoud A, Jeney A, Andacheh |, Behseresht J, Hsu J.et al.
COVID-19-related Peripheral Arterial Thrombosis Treated in a Large
Health Maintenance Organization. Ann Vasc Surg. 2022;84:6-11.

2.Teuwen LA, Geldhof V, Pasut A, Carmeliet P. COVID-19: the
vasculature unleashed. Nat Rev Immunol. 2020; 20:389.

3.Helms J, Tacquard C, Severac F, Leonard-Lorant I, Ohana M,
Delabranche X, et al. High risk of thrombosis in patients with severe
SARS-CoV-2 infection: a multicenter prospective cohort study.
Intensive Care Med. 2020; 46:1089.

4.Abou Ismail MY, Diamond A, Kapoor S, Arafah Y, Nayak L. The
hypercoagulable state in COVID-19: Incidence, pathophysiology,
and management. Thromb Res. 2020;194:101-15.

5.Miesbach W, Makris M. COVID-19: Coagulopathy, Risk of Thrombosis,
and the Rationale for Anticoagulation. Clin Appl Thromb Hemost.
2020;26.

6.Zuo Y, Estes SK, Ali RA, Gandhi AA, Yalavarthi S, Shi H, et al.
Prothrombotic autoantibodies in serum from patients hospitalized with
COVID-19. Sci Transl Med. 2020;12:570.

7.Al-Ani F, Chehade S, Lazo-Langner A. Thrombosis risk associated with
COVID-19 infection. A scoping review. Thromb Res. 2020;192:152-60.

8.Huang C, Wang Y, Li X. Clinical features of patients infected with
2019 novel coronavirus in Wuhan, China Lancet 2020;395(10223):497-
506.

9. Danzi G B, Loffi M, Galeazzi G, Gherbesi E. Acute pulmonary
embolism and COVID-19 pneumonia: a random associationg Eur
Heart J. 2020;41(19):1858

10.Chen N, Zhou M, Dong X. Epidemiological and clinical
characteristics of 99 cases of 2019 novel coronavirus pneumonia in
Wuhan, China: a descriptive study. Lancet.2020;395(10223):507-13.

11.Dobesh PP, Trujillo TC. Coagulopathy, Venous Thromboembolism,
and Anticoagulation in Patients with COVID-19. Pharmacotherapy.
2020;40(11):1130-51.

12.0zsu S, Gunay E, Konstanfinides SV. A review of venous
thromboembolism in COVID-19: A clinical perspective. Clin Respir J.
2021;15(5):506-12.

13.Indes JE, Koleilat I, Hatch AN, Choinski K, Jones DB, Aldailami H,
et al. Early experience with arterial thromboembolic complications in



Thromboembolic Events in COVID-19 - Sahin et al.

Genel Tip Dergisi

patients with COVID-19. J Vasc Surg. 2021;73(2):381-9.

14.Bikdeli B, Madhavan MV, Jimenez D, Chuich T, Dreyfus I, Driggin
E, et al; Global COVID-19 Thrombosis Collaborative Group, Endorsed
by the ISTH, NATF, ESVM, and the IUA, Supported by the ESC Working
Group on Pulmonary Circulation and Right Ventricular Function.
COVID-19 and Thrombotic or Thromboembolic Disease: Implications
for Prevention, Antithrombotic Therapy, and Follow-Up: JACC State-
of-the-Art Review. J Am Coll Cardiol. 2020;75(23):2950-73.

15.Lagunas-Rangel  FA.  Neufrophil-to-lymphocyte  rafio  and
lymphocyte-to-C-reactive protein ratfio in patients with severe
coronavirus disease 2019 (COVID-19): A meta-analysis. J Med Virol.
2020; 92(10):1733-34.

16.Fan BE, Chong VCL, Chan SSW, Lim GH, Lim KGE, Tan GB, Mucheli
SS, Kuperan P, Ong KH. Hematologic parameters in patients with
COVID-19 infection. Am J Hematol. 2020 ;95(6):131-4.

17.Alkkan S, Sener A, Dogan E, YUksel C, YUksel B. Prophylactic
Anticoagulant Treatment Might Have an Anfi-inflammatory Effect
and Reduce Mortality Rates in Hospitalized COVID-19 Patients2 Oman
Med J. 2022;37(4):394.

18.Barnes GD, Burnett A, Allen A, Blumenstein M, Clark NP, Cuker A, et
al. Thromboembolism and anficoagulant therapy during the COVID-19
pandemic: interim clinical guidance from the anticoagulation forum.
J Thromb Thrombolysis. 2020;50(1):72-81.

19.Dobesh P. The importance of appropriate prophylaxis for the
prevention of venous thromboembolism in atrisk medical patients.
Int J Clin Pract. 2010;64:1554-62.

20.Attia J, Ray JG, Cook DJ, Douketis J, Ginsberg JS, Geerts WH. Deep
vein thrombosis and its prevention in critically ill adults. Arch Intern
Med. 2001;161:1268-79.

21.Cui S, Chen S, Li X, Liu S, Wang F. Prevalence of venous
thromboembolism in patients with severe novel coronavirus
pneumonia. J Thromb Haemost. 2020;18:1421-4.

22.Zhang L, Feng X, Zhang D, Jiang C, Mei H, Wang J, et al. Deep Vein
Thrombosis in Hospitalized Patients With COVID-19 in Wuhan, China:
Prevalence, Risk Factors, and Outcome. Circulation. 2020;142(2):114-
28.

23.Poissy J, Goutay J, Caplan M, Parmentier E, Duburcqg T, Lassalle
F, et al; Lille ICU Haemostasis COVID-19 Group. Pulmonary Embolism
in Patients With COVID-19: Awareness of an Increased Prevalence.
Circulation. 2020;142(2):184-6.

24Beun R, Kusadasi N, Skma M, Westerink J, Huisman A.
Thromboembolic events and apparent heparin resistance in patients
infected with SARS[ICoV1 2. Int J Lab Hematol.2020;42(1):19-20.

25.Demelo-Rodriguez P, Cervilla-Munoz E, Ordieres-Ortega L, Parra-
Virto A, Toledano-Macias M, Toledo-Samaniego N, et al. Incidence
of asymptomatic deep vein thrombosis in patients with COVID-19
pneumonia and elevated D-dimer levels. Thromb Res. 2020;192:23-6.

26.Maatman TK, Jalali F, Feizpour C, Douglas A 2nd, McGuire SP,
Kinnaman G, et al. Routine Venous Thromboembolism Prophylaxis May
Be Inadequate in the Hypercoagulable State of Severe Coronavirus
Disease 2019. Crit Care Med. 2020;48(9):783-90.

27.Santoliquido A, Porfidia A, Nesci A, De Matteis G, Marrone G,
Porceddu E, et al; GEMELLI AGAINST COVID-19 Group, D'Alfonso
ME, Lo Monaco MR. Incidence of deep vein thrombosis among non-
ICU patients hospitalized for COVID-19 despite pharmacological
thromboprophylaxis. J Thromb Haemost. 2020;18(9):2358-43.

28.Criel M, Falter M, Jaeken J, Van Kerrebroeck M, Lefere |, Meylaerts
L, et al. Venous thromboembolism in SARS-CoV-2 patients: only a
problem in ventilated ICU patients, or is there more to ite Eur Respir J.

2020;56(1):200-1

60



