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Introduction. Acute ischemia of the 
lower extremities is a common condition with 
high mortality rate despite progress in surgi-
cal methods of treatment and optimization of 
protocols of management of such patients [1]. 
Mortality and morbidity in the early postopera-
tive period are largely associated with metabo
lic disturbances during reperfusion after surgi-
cal revascularization.

The available experimental and clinical 
data indicate that the systemic effects of re-
perfusion have metabolic, inflammatory and 
thrombotic components, which are initiated lo-
cally in the ischemic limb, and, accordingly, re-
quire a multicomponent treatment [2-5].

Coronavirus disease 2019 (COVID-19) 
caused by coronavirus 2 (SARSCoV-2) is main-
ly characterized by respiratory symptoms of 
various degrees of severity. Due to the increase 
in the number of cases, the close attention of 
researchers is focused on the study of non-pul-
monary manifestations: cardiac, gastrointes-

tinal, skin, renal and neurological manifesta-
tions [3–5]. 

Venous thromboembolism often complicates 
the course of COVID-19, even in patients re-
ceiving therapeutic doses of anticoagulants, 
often causing death in patients [6–8]. Thus, 
a series of autopsies have confirmed deep vein 
thrombosis (DVT) in the majority of patients 
with COVID-19, and pulmonary embolism 
(PE) caused death in almost 25 % of cases [9]. 
Arterial thrombosis in coronary arteries [6, 10] 
and in cerebral arteries [11] has also been re-
ported in COVID-19 patients. Cases of develop-
ment of mesenteric and aortoiliac thrombosis 
have been described [12–14].

The aim of the study: to assess the im-
portance of the inflammatory status of the 
body in patients with type 2 diabetes mellitus 
and severe COVID-19 as an unfavorable factor 
for the occurrence of arterial thrombosis of the 
lower extremities, the course of acute ischemia 
and the prognosis for ischemic limb.
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During the period from March to December 
2020, the number of patients with acute arte-
rial thrombosis increased, we faced 17 cases of 
acute arterial thrombosis in patients with con-
firmed COVID-19. These patients were usually 
delivered urgently to the Department of Acute 
Vascular Diseases of the State Institution 
«V. T. Zaitsev IGUS NAMN of Ukraine» with 
complaints on pain in the lower extremities, 
their coldness, pallor of the skin and ulceration. 

The presence of thrombosis was confirmed by 
Doppler sonography and CT angiography of the 
lower extremities. All tested positive for the 
SARS-CoV-2 virus. Due to the growing number 
of reports and our own observations of the pre
sence of coagulopathy or vasculopathy [15] in 
patients with type 2 diabetes and COVID-19, 
we analyzed cases of arterial thrombosis asso-
ciated with COVID-19.

MATERIALS AND METHODS
A retrospective cohort study of 35 patients 

with type 2 diabetes and acute arterial throm-
bosis of the lower extremities who were treated 
at the Department of Acute diseases of vessels 
of the State Institution «V. T. Zaitsev Institute 
of General and Urgent Surgery of the National 
Academy of Medical Sciences of Ukraine». All 
patients were admitted with acute ischemia 
stages II a – II b, by Rutherford.

The study included patients with type 2 
diabetes without a history of intermittent clau-
dication with an ischemia of 6–12 hours, who 
underwent urgent surgical successful throm-
bectomy, who met the study criteria and signed 
an informed consent form. The criterion for the 
success of revascularization was the restora-
tion of the main arterial blood flow. All stu
died patients were tested for the SARS-CoV-2 
virus, 18 had a negative result (control group), 
the diagnosis of COVID-19 in 17 patients of the 
main group was confirmed by a transcriptional 
polymerase chain reaction (RT-PCR) test from 
nasopharyngeal samples. The control group in-
cluded patients with localizations of thrombo-
sis similar to the main group. The diagnosis of 
acute arterial thrombosis in all patients was 
established on the basis of angiography or CT 
angiography.

The average age of patients in the cont
rol group was 72.3 years, the main group — 
69.8 years. In both groups, the male to female 
ratio was 1:1. Concomitant diseases in patients 
of both groups were: hypertension, diabetes 
mellitus, atrial fibrillation. The initial creati-
nine level in the control group was (104 ± 18) 
μmol/L, in the main group (112 ± 22) μmol/L.

In patients of both groups, the levels of 
K+ and creatinine in blood plasma taken 
from a peripheral vein before surgery, 12 and 

24  hours after restoration of blood flow, were 
determined. Serum potassium levels were de-
termined ionometrically using ion-selective 
electrodes. Also, before the operation, 6 hours 
and 24 hours after the restoration of blood 
flow, the levels of myoglobin and total creatine 
phosphokinase in the blood plasma were deter-
mined. Total creatine phosphokinase was de-
termined by the kinetic method.

Interleukins IL-1β, IL-6, IL-8, IL-10, and 
tumor necrosis factor α (TNF-α) were assessed 
in peripheral venous blood before surgery and 
3, 6, 12, 24 and 48 hours after blood flow resto-
ration. The levels of myoglobin, TNF-α, IL-1β, 
IL-2, IL-4, IL-6, IL-8, IL-10 were determined 
by the enzyme immunoassay on a DENEX 
Systems Technology analyzer (USA) by kits of 
reagents for the enzyme immunoassay for the 
determination of the concentrations of these 
substances in the blood serum of the company 
«VEKTOR-BEST» (Ukraine). According to the 
manufacturer's statement, the minimum de-
tectable concentrations for TNF-α, IL-1β, IL-6,  
IL-8, IL-10 are 1 pg/ml, 1 pg/ml, 0.5 pg/ml,  
2  pg/ml, 1 pg/ml, respectively, the range  
of measured concentrations is 0–250 pg/ml,  
0–250 pg/ml, 0–300 pg/ml, 0–250 pg/ml,  
0–500 pg/ml, respectively. The coefficient of 
variation of the results of determining con-
tent for the mentioned indicators is not more 
than 8  % anti-ICAM-1 (intercellular adhesion  
molecule 1).

The number of complications, amputations 
and postoperative mortality were assessed in 
the studied patients.

The accumulation, systematization of the 
initial information and visualization of the 
results were carried out in Microsoft Office 
Excel 2007 spreadsheets. Statistical analysis 
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was carried out using the IBM SPSS Statistics 
v.  23 program (USA). When comparing the 
mean values of quantitative data, a two- 
sample Student's t-test was calculated, which 

was evaluated by control with critical values. 
Differences in indicators were considered sta-
tistically significant at a significance level of 
p < 0.05.

RESULTS AND THEIR DISCUSSION
Symptoms recorded in patients were clas-

sified as signs of limb ischemia (in all studied 
patients), as well as their combination with re-
spiratory or systemic symptoms (fever, cough, 
hypoxia, tachypnea, tachycardia, respiratory 
distress and/or altered mental state) in pa-
tients of the main group, while 5 (29.4 %) pa-
tients were hospitalized in the ICU due to the 
presence of respiratory failure.

During examination, distal forms of arte-
rial thrombosis were registered in 70.6 % of 
patients in the main and 72.2 % of the control 
group (Table 1).

All patients underwent surgery under spi-
nal anesthesia. They performed open throm-
bectomies with closure of the arteriotomy 
wound with a transverse suture or with auto-
venous patch plastic. Taking into account the 

Table 1
The level of the arterial lesion

Level
Group

Control group Main group
Proximal (aorto-illiac segment (%) 5 (27,8 %) 5 (29,4 %)

Distal (popliteal-distal segment) (%) 13 (72,2 %) 12 (70,6 %)
Duration of ischaemia, hours (M ± ơ) 7,2 ± 0,6 7,5 ± 0,7

Table 2
Dynamics of cytokine levels in the early postoperative period,  

pg/ml (M ± ơ)

Cyto-
kine Group Before

surgery
Reperfusion time, hours

3 h  6 h 12 h 24 h 48 h

IL-1β

Main 
group 17,3 ± 0,5 21,5 ± 1,1* 33,2 ± 1,2* 38,7 ± 1,0* 40,1 ± 1,6* 41,7 ± 1,4*

Control
group 6,2 ± 1,1 6,9 ± 0,8 6,1 ± 0,7 5,5 ± 0,6 6,3 ± 0,9 6,4 ± 0,8

IL-6

Main 
group 11,2 ± 1,9* 14,9 ± 2,6* 85,3 ± 14,3* 97,6 ± 19,7* 84,9 ± 16,5* 63,7 ± 11,1*

Control
group 9,8 ± 2,1 8,3 ± 1,6 27 ± 6,2 25,3 ± 7,1 30,6 ± 7,8 17 ± 3,2

Il-8

Main 
group 22,2 ± 1,7 29,7 ± 1,9* 31,3 ± 2,8* 37,3 ± 3,1* 33,6 ± 3,4* 39,4 ± 3,8*

Control
group 14,1 ± 2,0 11,2 ± 1,6 14,1 ± 1,5 15,8 ± 1,9 16,2 ± 1,9 19,8 ± 2,6

IL-10

Main 
group 5,3 ± 0,5 10,5 ± 0,5 16,9 ± 0,7 18,4 ± 2,2 21,6 ± 4,7 44,2 ± 9,2

Control
group 2,1 ± 0,3 2,4 ± 0,6 2,6 ± 0,8 6,2 ± 1,6 14,5 ± 2,9 29,4 ± 6,4

TNF-α

Main 
group 25,7 ± 2,0 39,2 ± 2,8 44,3 ± 7,5* 45,4 ± 8,0* 44,8 ± 8,4* 55,1 ± 7,7*

Control
group 16,3 ± 2,2 17,6 ± 1,9 18,9 ± 2,0 16,3 ± 2,5 18,1 ± 3,1 17,4 ± 2,7

Note: 
*	 significant difference between main and control groups (p < 0,05).
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anticoagulation regimen, fasciotomy on the 
tibia in patients with proximal thrombosis was 
performed before intraoperative heparin and 
thrombectomy.

In the postoperative period, conventional 
treatment with early stimulation of diuresis 
with loop diuretics, intravenous infusion of 
mannitol, sodium bicarbonate, standard infu-
sion and anticoagulant therapy was performed. 
Therapy of patients in the main group was 
supplemented by the introduction of antiviral 
drugs and antibiotics.

The general trend was an increase in IL-10  
concentration after 24 h of reperfusion with 
a further marked increase during the second 
postoperative day. However, by the end of the 
second postoperative day, the ratio of anti-in-
flammatory cytokines to pro-inflammatory in pa- 
tients of the control group was more favorable.

The concentration of myoglobin in the se-
rum 6 h after surgery was the highest, reach-
ing the highest values in patients of the main 
group (Table 3). There was a significantly lower 
concentration of myoglobin in the control group 
during the first days after the restoration of 
blood flow. The level of total CPK in the first 
24  h after surgery in patients of the control 
group was also lower than in patients of the 

main group, although the decrease was not as 
significant as for myoglobin concentrations.

ICAM-1 levels were significantly higher in 
the COVID-19 control group than in the control 
group during the first day after blood flow re-
covery (Fig. 1).

Activated endothelial cells can express 
ICAM-1 molecules, which can attract leuko-
cytes (endothelium) and transmit intracellular 
signals leading to a stable proinflammatory 
status. The proinflammatory condition can lead 
to systemic endothelial dysfunction and lead 
to a loss of its integrity due to the death of 
endothelial cells. The constant inflammatory 
signaling of these adhesion molecules will also 
contribute to later thrombotic events.

The association between endothelial dys-
function and subsequent thrombotic events is 
already well known in cardiovascular disease 
and diabetes. Six of our cases had comorbidities 
such as arterial hypertension, dyslipidemia, 
diabetes mellitus, and signs of chronic arterial 
disease. Thus, previous endothelial activation 
status caused by these comorbidities exacer-
bated endothelial dysfunction caused by SARS-
CoV-2 infection and its inflammatory response, 
and may have been the cause of the most com-
mon fatalities described in these patients.

Programmed cell death resulting from 
the activation of a protein complex known as 
inflammasome. Subsequent activation of cas-
pase-1 leads to the release of proinflammatory 
cytokines and cell fragmentation. It has been 
suggested that pyroptosis may contribute to 
endothelial cell death after SARS-CoV-2 in-
fection and may increase the release of proin-
flammatory cytokines such as IL-1 beta and 
IL-18. Our results showed higher expression of 
proinflammatory cytokines in the COVID-19 
control group during the first days after blood 
flow recovery, and this aspect may indicate the 

Fig. 1. ICAM-1 levels in the main  
and control groups.

Table 3
Dynamics of CPK and myoglobin levels  
in the early postoperative period (M ± ơ)

Index Group Before surgery After 6 h After 24 h

Myoglobine, 
pg/ml

Main group 276 ± 102 1788 ± 584 761 ± 292
Control group 291 ± 94 568 ± 168 346 ± 96

CPK, U/l
Main group 1364 ± 402 5802 ± 1950 8462 ± 2926

Control group 1198 ± 378 3980 ± 1268 5026 ± 1540
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presence of pyroptosis in capillary-alveolar en-
dothelial cells.

Serum potassium levels at 12 h postoper-
atively were 5.1 mg/dL in the control group, 
5.8  mg/dL in the main group; 6.0 mg/dL in 
the control group after 24 h, and 6.5 mg in the 
main group. Creatinine levels at 12 and 24 h 
postoperatively in patients in the control group 
were 7.8 mg/dL and 5.4 mg/dL, in patients  
in the main group — 8.1 mg/dL and 7.3 mg/dL, 
respectively.

During the hospital stay, signs of different 
degrees of renal dysfunction in the main group 
were detected in 13 patients (76.4 %), in the 
control group — in 12 (66.7 %). At the same 
time in the main group signs of mild renal dys-
function (stage I acute kidney damage accord-
ing to the AKIN classification) were observed 
in 8 patients (47.1 %), symptoms of renal failu
re — in 5 (29.4 %), patients needed intermit-
tent hemodialysis procedures. In the control 
group, mild renal dysfunction was observed in 
10 (55.6 %) patients, clinical manifestations of 
renal failure — in 2 (11.1 %).

Recurrences of thrombosis in the early 
postoperative period occurred in 5 (29.4 %) pa-
tients of the main group (it should be noted 
that recurrent thrombosis was localized in 
the distal arterial bed and developed in pa-
tients with the most severe manifestations of 
COVID-19), which led to amputation. In the 
control group, recurrent thrombosis led to am-
putation in 2 (11.1 %) cases.

In 7 patients of the main group (41.2 %) and 
2 patients of the control group (11.1 %) in the 
early postoperative period developed adverse 
cardiopulmonary events, which in 4 patients of 
the main group (23.5 %) caused death.

Mortality in the main group was 23.5 % 
(4 patients died), in the control group 1 patient 
died (5.6 %). The cause of death of the patient in 
the control group was progressive multiorgan 
failure.

Our study is consistent with literature 
data showing an increase in thromboembolic 
events in patients with (COVID-19) [16–19, 21]. 
Our observations show an association between 
thrombosis of the arteries of the lower extremi-
ties and severe acute respiratory manifesta-
tions of coronavirus infection, with a feature is 
the high frequency of localization of thrombosis 
in the distal arterial bed (70.6 % of observa-
tions), high (29.4 %) recurrence rate, recurrence 
and a high mortality rate (23.5 %) in the early 
postoperative period [20–22]. A higher mortal-
ity rate (40 %) was shown by Bellostaet all. [23] 
in their cohort of patients, however, such differ-
ences can be explained by the small number of 
our observations.

According to the results of Huang et al., the 
level of IL-1β, IL-7, IL-8, IL-9, IL-10, G-CSF, 
GM-CSF, IFN-γ, PDGF, TNF-α and VEGF in 
blood plasma was higher in patients with se-
vere COVID-19 and mild cases compared with 
healthy adults [24].

CONCLUSIONS
In conclusion, our results suggest the in-

volvement of endothelial dysfunction and 
thrombosis in COVID-19 [25–27]. 

Consistent with this hypothesis, patients 
with type 2 diabetes and severe COVID-19 
have been noted to have significant increase in 
serum level of inflammatory markers (TNF-α, 
IL-1β, IL-6, IL-8, IL-10). 

One of the significant factors of endothe-
lial dysfunction as a result of our study was  

ICAM-1 thereby indicating the occurrence of 
macrophage activation syndrome.

These thrombotic events can be fatal in pa-
tients with type 2 diabetes mellitus, and early 
diagnosis can help health professionals adjust 
the anticoagulation regimen and affect endo-
thelial stabilization in high-risk patients, al-
leviate thrombogenic events, systemic inflam-
matory response syndrome, and multiorgan 
failure.
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Мета дослідження: оцінити важливість запального статусу організму у пацієнтів з цукровим діа-

бетом 2 типу і важкою формою COVID-19 як несприятливого фактора виникнення артеріального тром-
бозу нижніх кінцівок, перебігу гострої ішемії і прогнозів щодо ішемічної кінцівки. 

Матеріали та методи. У дослідження були залучені 35 пацієнтів з діабетом 2 типу без переміж-
ної кульгавості з ішемією 6–12 годин в анамнезі, яким була виконана термінова хірургічна успішна 
тромбектомія. Всі обстежені пацієнти були протестовані на вірус SARS-CoV-2: у 18 — негативний 
результат (контрольна група), діагноз COVID-19 у 17 пацієнтів основної групи підтверджений за до-
помогою транскрипційної полімеразної ланцюгової реакції. Середній вік пацієнтів контрольної групи 
склав 72,3 року, основної групи — 69,8 року.

Результати. При обстеженні дистальні форми артеріального тромбозу зареєстровані у 70,6 % хво-
рих основної та 72,2 % контрольної групи. Концентрація міоглобіну в сироватці крові через 6 годин піс-
ля операції була найвищою, досягаючи максимальних значень у пацієнтів основної групи. У перші дні 
після відновлення кровотоку в контрольній групі була достовірно більш низька концентрація міогло-
біну. Рівні ICAM-1 були значно вище в групі COVID-19, ніж у контрольній групі, протягом першого дня 
після відновлення кровотоку. Зв'язок між ендотеліальної дисфункцією і подальшими тромботичними 
подіями вже добре відомий при серцево-судинних захворюваннях і діабеті. У шести з обстежених спо-
стерігали кластер супутніх захворювань, таких як артеріальна гіпертензія, дисліпідемія, цукровий 
діабет і ознаки хронічного захворювання артерій. Таким чином, попередній статус активації ендоте-
лію, обумовлений супутніми захворюваннями, посилив ендотеліальну дисфункцію, викликану інфек-
цією SARS-CoV-2 та її запальною реакцією, і, скоріше за все, був причиною найбільш частих летальних 
випадків, описаних у цих пацієнтів. Рецидиви тромбозу в ранньому післяопераційному періоді від-
булися у 5 (29,4 %) пацієнтів основної групи, що привело до ампутації. У контрольній групі рецидив 
тромбозу привів до ампутації в 2 (11,1 %) випадках. У 7 пацієнтів основної групи (41,2 %) і 2 пацієнтів 
контрольної групи (11,1 %) в ранньому післяопераційному періоді розвинулися несприятливі серцево-
легеневі події, які у 4 пацієнтів основної групи (23,5 %) призвели до летального результату.

Висновки. Отримані результати доводять участь ендотеліальної дисфункції і тромбозу 
в COVID-19. Відповідно до цієї гіпотези у пацієнтів з діабетом 2 типу та важким COVID-19 було від-
значено суттєве підвищення рівня запальних маркерів у сироватці крові (TNF-α, IL-1β, IL-6, IL-8, 
IL-10). Одним із значущих чинників ендотеліальної дисфункції за результатами нашого дослідження 
був ICAM-1, що вказувало на виникнення синдрому активації макрофагів. Ці тромботичні події мо-
жуть бути фатальними у пацієнтів з діабетом 2 типу, і рання діагностика може допомогти медичним 
працівникам скорегувати режим антикоагулянтної терапії і вплинути на стабілізацію ендотелію 
у пацієнтів з високим ризиком, полегшити тромбогенні явища, синдром системної запальної відповіді 
і поліорганну недостатність.

К л ю ч о в і  с л о в а :  цукровий діабет 2 типу, COVID-19, артеріальний тромбоз.
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The aim of the study: to assess the importance of the inflammatory status of the body in patients with 

diabetic 2 type and severe COVID-19 as an unfavorable factor for the occurrence of arterial thrombosis of the 
lower extremities, the course of acute ischemia and the prognosis for ischemic limb.

Materials and Methods. The study included 35 patients with type 2 diabetes mellitus and acute arterial 
thrombosis of the lower extremities without a history of intermittent claudication with an ischemia of 6-12 h, 
who underwent urgent surgical successful thrombectomy. All studied patients were tested for the SARS-CoV-2 
virus, 18 had a negative result (control group), the diagnosis of COVID-19 in 17 patients of the main group was 
confirmed by a transcriptional polymerase chain reaction. The average age of patients in the control group was 
72.3 yrs, the main group — 69.8 yrs. 

Results. During examination, distal forms of arterial thrombosis were registered in 70.6 % of patients in 
the main group and 72.2 % in the controls. The concentration of myoglobin in the serum at 6 h after the surgery 
was the highest, reaching the highest values in patients of the main group. There was a significantly lower 
concentration of myoglobin in the control group during the first days after the restoration of blood flow. ICAM-1 
levels were significantly higher in the COVID-19 group than in the control group during the first day after blood 
flow recovery 

The association between endothelial dysfunction and subsequent thrombotic events is already well known 
in cardiovascular disease and diabetes. Six of our cases had comorbidities such as arterial hypertension, dys-
lipidemia, diabetes mellitus, and signs of chronic arterial disease. Thus, previous endothelial activation status 
caused by these comorbidities exacerbated endothelial dysfunction caused by SARS-CoV-2 infection and its 
inflammatory response, and may have been the cause of the most common fatalities described in these patients.

Recurrences of thrombosis in the early postoperative period occurred in 5 (29.4 %) patients of the main 
group, which led to amputation. In the control group, recurrent thrombosis led to amputation in 2 (11.1 %) cases.

In 7 patients of the main group (41.2 %) and 2 patients of the control group (11.1 %) in the early postopera-
tive period developed adverse cardiopulmonary events, which in 4 patients of the main group (23.5 %) caused 
death.

Conclusions. Оur results suggest the involvement of endothelial dysfunction and thrombosis in COVID-19. 
Consistent with this hypothesis, patients with type 2 diabetes mellitus and severe COVID-19 have been noted 
to have significant increase in serum level of inflammatory markers (TNF-α, IL-1β, IL-6, IL-8, IL-10). One of 
the significant factors of endothelial dysfunction as a result of our study was ICAM-1 thereby indicating the oc-
currence of macrophage activation syndrome.

These thrombotic events can be fatal in patients with type 2 diabetes, and early diagnosis can help health 
professionals adjust the anticoagulation regimen and affect endothelial stabilization in high-risk patients, al-
leviate thrombogenic events, systemic inflammatory response syndrome, and multiorgan failure.

K ey wor d s :  type 2 diabetes mellitus, COVID-19, arterial thrombosis.


