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Abstract 
Aim: The aim of the present study was to investigate the prevalence of acute lower limb ischemia (ALLI) among 
patients infected with COVID-19. 
Material & methods: We performed a retrospective observational study on 50 patients with acute limb ischemia 
(ALI) and SARS-CoV-2 infection at department of Radiology  The inclusion criteria were: presence of SARS-
CoV-2 infection and acute event of vascular disease, i.e., acute limb ischemia. 
Results: 50 patients aged 43–86 years old (mean age 62.88 ± 8.52 years) were admitted. There were 35 males 
(70%) and 15 females (30%). In terms of co-morbidities, patients were obese, had diabetes mellitus, high blood 
pressure. 46% patients had habit of smoking. The patients were treated by open surgery (42 patients—84%) or by 
the means of endovascular techniques (8 patients—16%). The amputation-free survival rate was 82% in hospital 
and 86% at 1-month follow-up. 
Conclusion: The application of the standard treatment—open surgery or endovascular revascularization in 
patients with acute limb ischemia and SARS-CoV-2 infection is the key to success for lower limb salvage. The 
prolonged administration of anticoagulants (both in the periprocedural period and after discharge) can improve 
surgical results, limb salvage, and patient survival. 
Keywords: Acute Limb Ischemia; Arterial Thrombosis; Coagulopathy; Coronavirus Disease 2019; D-Dimer. 
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Introduction 

The severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2), the virus that causes coronavirus 
disease 2019 (COVID-19), originated in December 
2019 and has caused a worldwide pandemic. [1] 
Infection with SARSCoV-2 has been shown to have 
a wide range of clinical presentations from 
asymptomatic in a large percentage of patients to 
devastating pulmonary failure, sepsis, and death. 
[2,3] Through its rapid transmission world-wide and 
potentially life and limb threatening complications, 
COVID-19 has become a global pandemic that has 
implications through a wide range of medical and 
surgical specialties due to its association with multi-
organ failure. 

COVID-19 has other complications in the form of 
blood disorders, one of which is acute limb ischemia 
(ALI). [4] Complications of ALI due to COVID-19 
are reported to be rare, but if they occur, they can 

have severe outcomes ranging from limb amputation 
to death caused by sepsis and multiple organ failure. 
[5] Although ALLI is a rare complication of 
COVID-19, [6] there have been increasing number 
of reports of peripheral arterial thrombosis in 
COVID-19 patients. [7] 

ALI is a condition that needs urgent diagnosis and 
treatment because it results in decreased arterial 
blood circulation to the limbs. By definition, ALI is 
a perfusion disorder in the extremities with 
symptoms lasting less than 2 weeks. Common 
causes of ALI are embolism, thrombosis, trauma, 
aneurysm, and arterial dissection. [4,5] Through 
systemic inflammation and a hypercoagulable state, 
there seems to be a spectrum of clinical 
manifestations of limb injury ranging from 
chilblains and bullae to acute limb-threatening 
ischemia. Other clinical findings include acral 
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cyanosis, bruising, blood blisters, and dry gangrene. 
[8] Symptoms can be cutaneous, subcutaneous, or 
involve the entirety of a digit or a distal limb. 
Outcomes suggest that some patients are able to 
achieve revascularization of the affected limb or 
digit with observation or medical and/or surgical 
intervention, but other patients succumb to either 
amputation or death due to the disease.  

Hence the aim of study was to assess correlation 
between ALI severity, patients’ comorbidities, and 
the association of SARS-CoV-2 infection. 

Material & Methods 

We performed a retrospective observational study 
on 50 patients with acute limb ischemia (ALI) and 
SARS-CoV-2 infection at Department of Radiology, 
Gouri Devi Institute of Medical Sciences and 
Hospital, Durgapur, West Bengal, India  for one 
year. The inclusion criteria were: presence of SARS-
CoV-2 infection and acute event of vascular disease, 
i.e., acute limb ischemia. 

The clinical status of the patients was defined using 
the Rutherford classification system. [9] SARS-
CoV-2 infection was diagnosed with RT-PCR 
(Reverse-transcriptase polymerase chain reaction) 
tests [10] for all patients, and they all underwent 
chest-computed tomography. All patients underwent 
preoperative blood tests (consisting in blood count, 
creatin- phosphokinase (CK), urea, creatinine, LDH, 
CRP, D-dimers, etc.). Complete medical history was 
recorded. Computed tomography angiography (CT-
Angio) was performed to assess the extension of the 
arterial lesions, according to standards of care for 
this pathology. The entire cohort underwent 
transthoracic ultrasound to investigate signs of 
embolic risk factors. The patients were isolated, and 
all procedures were performed observing the 
universal caution regarding the SARS-CoV-2 
infection, avoiding cross-contamination, and 
reducing the risk of viral spread. 

All participants in the study read and signed an 
informed consent. The data were collected under 
GDPR (General Data Protection Regulation) laws. 
The study had the agreement from the Hospital 
Ethics Committee, under the EU GCP Directives, 
International Conference of Harmonization of 
Technical Requirements for Registration of 
Pharmaceuticals for Human Use (ICH), and the 
Declaration of Helsinki. The surgical treatment was 
individualized for every patient considering the 
arterial lesions and the extent of peripheral lesions. 
They were treated surgically or by the means of 
endovascular techniques. 

Open surgery consisted of Fogarty embolectomy 
performed in the operating room under loco-
regional or local anesthesia, and none of the patients 
required intubation because of COVID-19 

pneumonia. The approach was either from the 
femoral or popliteal artery. All patients received 
antibioprophylaxis with 3rd generation 
cephalosporins. Before clamping the arteries, a 
bolus of 80 UI/kgc intravenous heparin was 
administered. Endovascular procedures consisted in 
catheter-directed intra-arterial thrombolysis using 
Merit Fountain Thrombolysis Catheter and Infusion 
System® (Merit Medical, South Jordan, UT, USA). 
The access was either femoral or brachial. After the 
catheter placement, 10 mL of rt-PA® (Recombinant 
Tissue Plasminogen Activator—Boehringer 
Ingelheim International GmbH, Ingelheim am 
Rhein, Germany) was directly infused with the 
infusion system. After that, 40 mL of continuous 
perfusion was administered through the intra- 
arterial catheter at a rate of 1 mL/h for no more than 
24 h, and simultaneously heparin (250 UI/mL/h) 
was administered through the sheath in continuous 
perfusion. After 24 h, control angiography was 
performed, and additional procedures were 
performed when needed. 

The revascularization procedure was chosen in 
relation to anatomical and/or morphological 
considerations, especially in patients with multiple 
atherosclerotic deposits; in those patients, 
endovascular treatment was preferred in order to 
avoid complications, such as plaque dissection, or in 
cases where it was impossible to insert the 
embolectomy catheter. Major amputation was 
defined as above-the-knee or below-the-knee, and 
minor amputation was considered to refer to either 
toes or metatarsal amputation. [11] 

Preoperatively, all patients received antiplatelet 
(Aspenter® 75 mg daily) and anticoagulant 
treatment (intravenous unfractioned heparin in 
continuous perfusion). Postoperatively, all patients 
received low-molecular-weight heparin, 1 mg/kgc 
twice daily. We initiated Rivaroxaban 20 mg daily 
after 5 days of low-molecular-weight heparin. [12] 
At discharge every patient was given Rivaroxaban® 
20 mg daily for 30 days, and after that 2 × 2.5 mg/zi 
Rivaroxaban® and antiplatelet (Aspenter® 75 mg) 
daily. [13] 

Statistical Analysis 

Data were analyzed with MedCalc Statistical 
Software version 19 (MedCalc Software bvba, 
Ostend, Belgium). Data are presented as mean and 
standard deviation, median and interquartile range 
[IQR], number, and percentage. Paired t tests were 
performed between pre- and post-treatment 
differences on the lower limb viability. Differences 
were considered statistically significant at p < 0.05. 
Stepwise logistic analysis was performed in order to 
identify factors associated with death and 
amputation. 

Results 
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Table 1: Demographics 
Total No. of Patients 50 
Age, years (mean ± SD) 62.88 ± 8.52 
Male, n (%) 35 (70) 
Female n (%) 
BMI, kg/m2 (mean ± SD) 
Comorbidities 

15 (30) 
30.62 ± 6.44 

Cardiac insufficiency, n (%) 18 (36) 
Obesity, n (%) 36 (72) 
Diabetes mellitus, n (%) 32 (64) 
Dyslipidemia, n (%) 43 (86) 
High blood pressure, n (%) 50 (100) 
I, n (%) 15 (30) 
II, n (%) 23 (46) 
III, n (%) 12 (24) 
Chronic obstructive pulmonary disease, n (%) 9 (18) 
Brain cerebrovascular disease, n (%) 9 (18) 
Neoplasm, n (%) 4 (8) 
Risk factors  
Smoking, n (%) 
Ischemia time, hours (median [IQR]) Preoperative antiplatelet treatment, n (%) 
Rutherford classification 
IIA, n (%) 

23 (46) 
18.59 [5–34] 
43 (86) 
34 (68) 

IIB, n (%) 16 (32) 
 
50 patients aged 43–86 years old (mean age 62.88 ± 8.52 years) were admitted. There were 35 males (70%) and 15 
females (30%). In terms of co-morbidities, patients were obese, had diabetes mellitus, high blood pressure. 46% 
patients had habit of smoking. 
 

Table 2: Pre-operative blood parameters 
Characteristics Range Values Patients’ Values 
Leukocyte count (no. x103/L), median [IQR] Nor-
mal range  

4–9.5  8.35 [5.34–14.28] 

Neutrophils (%), mean ± SD  45–70%  62.28 ±12.42 
Erythrocyte count (no x103/L), median [IQR] 4–5.5 3.64 [3.45–4.24] 
Monocyte, median [IQR] 0.8–3.8 1.33 [1.09–1.77] 
Hemoglobin level (g/dL), median [IQR]  11.5–15 10.70 [10.31–11.40] 
Lymphocyte (no. 10), median [IQR] 0.8–3.8 1.33 [1.09–1.77] 
Hematocrit (%), mean SD 35–46 34.08 
Platelet count, mean SD 150–400 275545 
LDH, median [IQR] 120–246 278 [161.3–346.5] 
Ferritin level (µg/L), mean SD 20–290 728.9 
CRP level (mg/L), mean SD 0–10 68.08 
aPTT (s), median [IQR] 25.1–36.5 29.4 [24.4–35.41] 
Quick time (s), median [IQR] 9.4–12.5 14.67 [12.68–15.61] 
INR, mean SD 0.8–1.07 1.27 
VSH (mm/1 h), mean SD 1–15 82.41 
AST (U/L), median [IQR] 14–36 23.5 [18–28.25] 
ALT (U/L), mean SD 0–35 23.91 
D-dimers (ng/mL) mean SD 0–243 957 
Urea (mg/dL), median [IQR] 15–36 30 [23–45] 
Creatinine (mg/dL), median [IQR] 0.7–1.2 0.89 [0.7–1.42] 
Fibrinogen (mg/dL), mean SD 200–393 668  168.3 
CK (U/L), median [IQR] 30–170 115 [43.75–508.8] 

 
The pre-operative blood parameters were normal in the patients. 
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Table 3: Treatment and amputation-free survival rate 
Treatment N % 
Open surgery 42 84 
Endovascular techniques 8 16 
Amputation-free survival rate 
In-hospital 42 82 
One month follow up 43 86 

 
The patients were treated by open surgery (42 
patients—84%) or by the means of endovascular 
techniques (8 patients—16%). The amputation-free 
survival rate was 82% in hospital and 86% at 1-
month follow-up. 

Discussion 

Blood hypercoagulability is common among 
COVID-19 patients. In these patients, elevated D-
dimers levels are consistently reported (and are 
associated with the disease worsening). Other 
coagulation abnormalities that lead to life-
threatening complications, such as PT and aPTT 
prolongation, fibrin degradation products increase, 
and severe thrombocytopenia, are also present. 
[14,15] Acute limb ischemia is associated with 
blood hypercoagulability and can have either 
embolic or thrombotic causes. [16] Arterial 
thrombosis in COVID-19 patients can have different 
forms, from blue-toe syndrome to limb-threatening 
acute limb ischemia. Only a few patients present 
within the limb-salvageable interval, and most of 
them need amputation because of severe gangrene. 
[17] 

50 patients aged 43–86 years old (mean age 62.88 ± 
8.52 years) were admitted. There were 35 males 
(70%) and 15 females (30%). In terms of co-
morbidities, patients were obese, had diabetes 
mellitus, high blood pressure. 46% patients had 
habit of smoking. The patients were treated by open 
surgery (42 patients—84%) or by the means of 
endovascular techniques (8 patients—16%). The 
amputation-free survival rate was 82% in hospital 
and 86% at 1-month follow-up. Even with mild 
symptoms, COVID-19 patients might develop acute 
limb ischemia as seen in our case. Although acute 
respiratory distress syndrome (ARDS) is the most 
common consequence in patients with severe 
COVID-19, cardiovascular, thromboembolic, 
inflammatory, and neurologic complications are 
being reported more recently. Comorbidities such as 
cardiovascular disease, diabetes mellitus, obesity, 
smoking, cancer, chronic renal disease, chronic 
obstructive pulmonary disease, solid organ or 
hematopoietic stem cell transplantation, and 
advanced age are the risk factors for developing 
severe COVID-19 infection. [18,19] Coagulation 
disorders that lead to thromboembolic events are 
linked to a poor prognosis. According to the study 
by Fournier et al [20] conducted in France, COVID 
patients with arterial thrombosis had a threefold 

greater mortality. Embolization of a cardiac or 
aneurysmal thrombus or thrombophilic conditions 
such as antiphospholipid antibody syndrome, 
malignancy, or heparin-induced thrombocytopenia 
are the most common differential diagnoses in a 
patient with thrombotic abnormality. Similarly, his 
clinical presentation, laboratory testing, and chest 
imaging did not indicate the existence of a 
malignancy, and once COVID-19 was diagnosed, no 
further workup was done. [21,22] Patients with 
comorbidities including hypertension, diabetes, 
chronic respiratory disease, renal disease, and 
obesity have a higher risk of adverse outcomes. [23] 

There are three mechanisms involved in vascular 
thrombosis associated with the presence of SARS-
CoV-2: altered vascular wall, abnormal blood flow 
because of high viscosity, and the hypercoagulable 
state of the patient. The relationship between the 
baseline inflammatory status and the risk of future 
cardiovascular events is related to CRP values. 
There are studies stating that CRP is an actual 
biomodulator of the inflammation within the arterial 
wall, and that it can alter the behavior of cells in the 
vessel wall in a way that can promote thrombosis. 
[24] The amputation-free survival rate derives from 
a proper revascularization treatment by taking into 
consideration the extent of vascular lesions and the 
European guidelines in acute limb ischemia in 
patients presenting within the revascularization 
window with a viable lower limb. [25] In some 
studies, the therapeutic indication is correlated both 
with ischemia time and morphological aspects of the 
arteries (i.e., atherosclerotic deposits). [26] Galyfos 
et al [27] conducted a systematic review on 34 
articles regarding acute limb ischemia and SARS-
CoV-2 infection, involving 540 patients. Mortality 
rate among these patients was 31.4%, while in our 
study, the rate was 13.18% at 1-month follow-up; 
the amputation rate among the 540 patients in the 
review was 23.2%, compared with 13.18% in this 
study. In the systematic review by Galyfos et al [27], 
the medical treatment was selected in 41.8% of 
cases, and these had a higher risk of death when 
compared with any other intervention. With the 
application of a proper surgical treatment (either 
open surgery or endovascular) and with a systemic 
anticoagulant treatment, we think that the patients 
with acute limb ischemia and SARS-CoV-2 
infection who present within the revascularization 
window can have a good prognosis, despite viral 
presence as a prothrombotic factor. 
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Conclusion 

The application of the standard treatment—open 
surgery or endovascular revascularization in patients 
with acute limb ischemia and SARS-CoV-2 
infection is the key to success for lower limb 
salvage. The prolonged administration of 
anticoagulants (both in the periprocedural period 
and after discharge) can improve surgical results, 
limb salvage, and patient survival. 

References 

1. Liu YC, Kuo RL, Shih SR. COVID-19: The 
first documented coronavirus pandemic in his-
tory. Biomedical journal. 2020 Aug 1;43(4): 
328-33. 

2. Li T, Lu H, Zhang W. Clinical observation and-
management of COVID-19 patients. Emerg Mi-
crobes Infect 2020;9:687-90. 

3. Ejaz H, Alsrhani A, Zafar A, Javed H, Junaid K, 
Abdalla AE, Abosalif KO, Ahmed Z, Younas S. 
COVID-19 and comorbidities: Deleterious im-
pact on infected patients. Journal of infection 
and public health. 2020 Dec 1;13 (12):1833-9. 

4. Brunicardi F. Schwartz’s Principles of Surgery. 
11th ed. McGraw Hill Education; 2019. 

5. Shao T, Lee CI, Jabori S, Rey J, Duran ER, 
Kang N. Acute upper limb ischemia as the first 
manifestation in a patient with COVID-19. 
Journal of Vascular Surgery Cases, Innovations 
and Techniques. 2020 Dec 1;6(4):674-7. 

6. Hasan SA, Haque A, Nazir F. Acute limb ische-
mia: a rare complication of COVID-19. Cureus. 
2020;12(11):e1148810.  

7. Veerasuri S, Kulkarni SR, Wilson WR, Para-
vastu SCV. Bilateral acute lower limb ischemia 
secondary to COVID-19. Vasc Endovascular 
Surg. 2020;55(2):196–199. 

8. Zhang Y, Cao W, Xiao M, Li YJ, Yang Y, Zhao 
J, Zhou X, Jiang W, Zhao YQ, Zhang SY, Li 
TS. Clinical and coagulation characteristics in 7 
patients with critical COVID-2019 pneumonia 
and acro-ischemia. Zhonghua xue ye xue za zhi. 
2020:302-7. 

9. Björck M, Earnshaw JJ, Acosta S, Gonçalves 
FB, Cochennec F, Debus ES, Hinchliffe R, 
Jongkind V, Koelemay MJ, Menyhei G, Svet-
likov AV. EUROPEAN SOCIETY FOR VAS-
CULAR SURGERY (ESVS) 2020 CLINICAL 
PRACTICE GUIDELINES ON THE MAN-
AGEMENT OF ACUTE LIMB ISCHAEMIA-
TRANSLATION TO PORTUGUESE. Angio-
logia e Cirurgia Vascular. 202 0;16(4):200-58. 

10. Sule WF, Oluwayelu DO. Real-time RT-PCR 
for COVID-19 diagnosis: challenges and pro-
spects. The Pan African Medical Journal. 2020 
;35(Suppl 2). 

11. Tseng CL, Helmer D, Rajan M, Tiwari A, Mil-
ler D, Crystal S, Safford M, Greenberg J, 
Pogach L. Evaluation of regional variation in 
total, major, and minor amputation rates in a 

national health-care system. International Jour-
nal for Quality in Health Care. 2007 Dec 
1;19(6):368-76. 

12. Spyropoulos AC, Ageno W, Albers GW, Elliott 
CG, Halperin JL, Hiatt WR, Maynard GA, Steg 
PG, Weitz JI, Suh E, Spiro TE. Rivaroxaban for 
thromboprophylaxis after hospitalization for 
medical illness. New England Journal of Medi-
cine. 2018 Sep 20;379(12):1118-27. 

13. Steffel J, Eikelboom JW, Anand SS, Shesta-
kovska O, Yusuf S, Fox KA. The COMPASS 
trial: net clinical benefit of low-dose rivaroxa-
ban plus aspirin as compared with aspirin in pa-
tients with chronic vascular disease. Circula-
tion. 2020 Jul 7;142(1):40-8. 

14. Terpos E, Ntanasis-Stathopoulos I, Elalamy I, 
Kastritis E, Sergentanis TN, Politou M, Psalto-
poulou T, Gerotziafas G, Dimopoulos MA. He-
matological findings and complications of 
COVID-19. American journal of hematology. 
2020 Jul;95(7):834-47. 

15. Magro C, Mulvey JJ, Berlin D, Nuovo G, Sal-
vatore S, Harp J, Baxter-Stoltzfus A, Laurence 
J. Complement associated microvascular injury 
and thrombosis in the pathogenesis of severe 
COVID-19 infection: a report of five cases. 
Translational Research. 2020 Jun 1;220:1-3. 

16. Veerasuri S, Kulkarni SR, Wilson WR, Para-
vastu SC. Bilateral acute lower limb ischemia 
secondary to COVID-19. Vascular and Endo-
vascular Surgery. 2021 Feb;55(2):196-9. 

17. Biswal JK, Mohanty SK, Behera SN, Swain 
SK, Sahoo AK, Behera SN, Swain Jr SK. Acute 
limb ischemia: a catastrophic COVID-19 sequel 
leading to amputation. Cureus. 2021 Jul 
18;13(7). 

18. Harrison SL, Fazio-Eynullayeva E, Lane DA, 
Underhill P, Lip GY. Comorbidities associated 
with mortality in 31,461 adults with COVID-19 
in the United States: A federated electronic 
medical record analysis. PLoS medicine. 2020 
Sep 10;17(9):e1003321. 

19. Petrilli CM, Jones SA, Yang J, Rajagopalan H, 
O’Donnell L, Chernyak Y, Tobin KA, Cerfolio 
RJ, Francois F, Horwitz LI. Factors associated 
with hospital admission and critical illness 
among 5279 people with coronavirus disease 
2019 in New York City: prospective cohort 
study. bmj. 2020 May 22;369. 

20. Fournier M, Faille D, Dossier A, Mageau A, 
Roland PN, Ajzenberg N, Borie R, Bouadma L, 
Bunel V, Castier Y, Choquet C. Arterial throm-
botic events in adult inpatients with COVID-19. 
InMayo Clinic Proceedings 2021 Feb 1 (Vol. 
96, No. 2, pp. 295-303). Elsevier. 

21. Zhang Y, Xiao M, Zhang S, Xia P, Cao W, 
Jiang W, Chen H, Ding X, Zhao H, Zhang H, 
Wang C. Coagulopathy and antiphospholipid 
antibodies in patients with Covid-19. New 



International Journal of Toxicological and Pharmacological Research           e-ISSN: 0975-5160, p-ISSN: 2820-2651 

Anjum et al.                                        International Journal of Toxicological and Pharmacological Research 

376 
 

England Journal of Medicine. 2020 Apr 23;382 
(17):e38. 

22. Harzallah I, Debliquis A, Drénou B. Lupus an-
ticoagulant is frequent in patients with Covid-
19. Journal of Thrombosis and Haemostasis. 
2020 Aug 1;18(8):2064-5. 

23. “What’s new | COVID-19 Treatment Guide-
lines,” 2021. 

24. Sproston NR, Ashworth JJ. Role of C-reactive 
protein at sites of inflammation and infection. 
Frontiers in immunology. 2018 Apr 13;9:754. 

25. Aboyans V, Ricco JB, Bartelink ML, Björck M, 
Brodmann M, Cohner T, Collet JP, Czerny M, 
De Carlo M, Debus S, Espinola-Klein C. 2017 
ESC guidelines on the diagnosis and treatment 
of peripheral arterial diseases, in collaboration 
with the European Society for Vascular Surgery 

(ESVS). Kardiologia Polska (Polish Heart Jour-
nal). 2017;75(11):1065-160. 

26. Bonaca, M.P., Gutierrez, J.A., Creager, M.A., 
Scirica, B.M., Olin, J., Murphy, S.A., Braun-
wald, E. and Morrow, D.A., 2016. Acute limb 
ischemia and outcomes with vorapaxar in pa-
tients with peripheral artery disease: results 
from the Trial to Assess the Effects of Vora-
paxar in Preventing Heart Attack and Stroke in 
Patients With Atherosclerosis–Thrombolysis In 
Myocardial Infarction 50 (TRA2 P-TIMI 50). 
Circulation, 133(10), pp.997-1005. 

27. Galyfos G, Sianou A, Frountzas M, Vasilios K, 
Vouros D, Theodoropoulos C, Michalopoulou 
V, Sigala F, Filis K. Acute limb ischemia 
among patients with COVID-19 infection. Jour-
nal of Vascular Surgery. 2022 Jan 1;75(1): 326-
42. 

 
 
 
 


