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Introduction

 COVID-19 infection should be considered a very complex sys-
temic disease, not limited to the lungs [1,2]. Between 20 and 55% of 
COVID-19 infected patients can develop abnormal coagulation char-
acterized by significant increase in D-dimer level, Thromboplastin 
Time Alteration (aPTT) and high fibrinogen level [1,2]; furthermore, 
over 80% of COVID-19 patients present a maximal clot amplitude at 
thrombo-elastography analysis above normal value [3].

 Biomarkers related to coagulation coupled with platelet activation 
and inflammation have also been suggested as useful prognostic tools 
for COVID-19-associated coagulopathy [4].

 As a consequence of this hypercoagulability, the haemostatic sys-
tem in these cases is evidently shifted toward the procoagulant state 
[1-4].

 Actually, this specific condition predisposes these patients to ve-
nous and, more rarely, arterial thromboembolic events [5-10]. These 
may occur not only in elderly men with cardiovascular comorbidities, 
obesity or in critically ill patients with Acute Respiratory Distress 
Syndrome (ARDS) but also in relatively young males with minor 
COVID-19 infection-related symptoms and without evident comor-
bidities or significant pre-existing atherosclerotic lesions [7,8,11-15].

 The exact mechanism of COVID-19-related arterial thromboem-
bolic events is still not fully understood and similarly, limited studies 
are available regarding the etiopathogenesis of the systemic macro 
and microangiopathy that can frequently affect these patients [2,10].

 Also, the proper management of COVID-19-related arterial 
thrombosis is still not well defined; however, it has been reported that 
this can frequently be very challenging and the outcome often results 
in failure of limb revascularization [8,9,16].

 The aim of this report is to describe and discuss a singular case of 
acute lower limb ischemia developed in a young, recovered male pa-
tient, not affected by significant comorbidities or pre-existing athero-
sclerotic lesions. He had been successfully treated via percutaneous 
mechanical thrombectomy and catheter directed thrombolysis fol-
lowing unsatisfactory trans-femoral surgical thrombo-embolectomy. 
Starting from this singular case a wide literature review regarding this 
challenging COVID-19-related complication has been accomplished.
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Abstract
Background: The aim of this report is to describe and discuss a 
unique case of acute lower limb ischemia presented in a recovered 
COVID-19 patient treated via percutaneous mechanical thrombec-
tomy and catheter directed thrombolysis. Starting from this singular 
case a wide literature review regarding COVID-19-related throm-
bo-embolic complications has been accomplished.

Methods: A 47-year-old male was admitted to the emergency unit 
with acute lower limb ischemia three weeks after testing positive 
for COVID-19. He had been isolated at home because of minor 
COVID-19-related symptoms. Angio-CT-imaging showed a segmen-
tal occlusion of the common iliac artery coupled with retro-articular 
popliteal artery and leg vessels thrombosis. The patient was first un-
successfully submitted to trans-femoral iliac thrombo-embolectomy.

Results: Instead of peripheral limb vessel re-thromboembolectomy, 
a percutaneous mechanical thrombectomy coupled with leg vessel 
catheter direct thrombolysis was performed. The completion angiog-
raphy showed the recanalization of the popliteal artery and leg ves-
sels as far as the ankle but with a reduced forefoot vascularization.

 The fibrinolytic treatment was continued for 8 hours post-oper-
atively. A compartment syndrome complicated the early post-oper-
ative course. There was a progressive recovery of ischemic symp-
toms and at 6-month follow-up, peripheral pulses were palpable with 
an almost complete normalization of foot and toe perfusion and mo-
tility.

Conclusion: Acute lower limb ischemia following COVID-19-related 
arterial thrombo-embolic events represents a severe complication of 
COVID-19 infection and may result in a high rate of revasculariza-
tion failure. In these cases, Percutaneous Mechanical thrombectomy 
coupled with catheter directed thrombolysis might represent a less 
traumatic and more selective approach.

Keywords: Catheter direct thrombolysis; COVID-19 related acute 
lower limb ischemia; Endovascular treatment; Percutaneous me-
chanical thrombectomy; Thrombo-embolic complications
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Case Report
 Three weeks after diagnosis of COVID-19 infection, a 47-year-old 
male patient arrived at the emergency unit of another hospital with se-
vere right lower limb pain coupled with numbness and reduced motor 
function of the whole foot which had started three days earlier. He 
had no relevant medical history, atherosclerosis, atrial fibrillation, or 
pre-existing blood clotting disorders, and had been isolated at home 
because of minor COVID-19 symptoms (fever 38°, cough and gener-
al malaise coupled with a positive coronavirus swab). An initial ob-
servation showed that he had completely recovered.

 The physical examination revealed that the right foot was cya-
nosed and cold, with significant reduction in mobility. No femoral 
artery or other peripheral pulses of the right lower extremity were 
palpable while all the contralateral peripheral pulses were perceptible.

 The initial laboratory evaluation, evidenced leucocytosis (WBC 
count 18,40 x103), with an absolute neutrophil count of 88,6; hae-
moglobin, platelets and renal functionality were in normal range. 
However, coagulation was abnormal because of thromboplastin time 
alteration (aPTT: 18,0 sec.), and increased D-dimer (802 ng/ml ;). 
In addition, a significant muscular enzyme increase creatinine kinase 
(551 U/L) was evidenced. Hemogas analysis was not significant for 
hypoxemia and respiratory alkalosis.

 Preoperative computed tomography angiography with volume 
rendering 3-dimensional reconstruction showed a segmental throm-
bosis of the right common iliac artery coupled with hypogastric oc-
clusion (Figure 1 A-D) and retroarticular popliteal artery thrombosis 
with almost total absence of leg and foot perfusion (Figure 2 A-D).

 The transthoracic echocardiogram was negative for intra-cardiac 
thrombus and ejection fraction was 55-60%. The patient was adminis-
tered therapeutic anticoagulation therapy with unfractionated Heparin 
and underwent open trans-femoral thromboembolectomy (no com-
petition angiography was performed). The arteries were inspected 
during surgery, and found free of macroscopic atherosclerotic disease.  

Post thromboembolectomy, the patient did not present a significant 
clinical picture recovery; only the femoral artery pulse was palpable, 
and was therefore transferred to our vascular surgery hub.

 On admission, the patient still presented an ischemic right limb 
with persistent significant reduction of feeling and motor function in 
the foot including the toes.

 The Eco-color-Doppler evaluation showed a direct flow at the 
common and superficial femoral artery level but confirmed the occlu-
sion of the retroarticular popliteal artery with very low residual flow 
in the leg vessels.

 After careful imaging and clinical picture evaluation, in order 
to achieve a more selective mini-invasive approach and reduce the 
overall surgical trauma, we decided to perform an endovascular low-
er limb revascularization based on percutaneous mechanical throm-
bectomy using Indigo System® (Penumbra, Almeida, California), 
instead of surgical re-thromboembolectomy of the leg vessels.

 In order to avoid arterial puncture at the previous common femoral 
artery surgical site, a percutaneous US-guided antegrade superficial 
femoral arterial approach was made, and a straight, 6-F, 11 cm sheath 
(Destination®, Terumo Europe) was advanced into the proximal pop-
liteal artery. After full systemic heparinization, the Indigo System® 
was set up, and the largest, non-occlusive catheter possible, CAT5, 
was advanced over a 0.035-inch wire into the thrombo-embolus. Af-
ter reaching full vacuum in the Pump MAX®, the flow switch was 
turned on, the organized thrombus was aspirated, then the catheter 
was withdrawn proximally. The angiographic control showed com-
plete recanalization of the popliteal artery and a partial reperfusion of 
the tibialis anterior and tibio-peronealis trunk (Figure 3A-B). Further 
clots were subsequently aspirated from the three leg vessels and an 
intra-arterial loco-regional direct thrombolysis (Urokinase 100,000 
IU in 50 ml saline solution in elastomer) was then performed. The 
completion angiography showed recanalization of the popliteal ar-
tery as well as of the tibialis anterior and posterior arteries, partial  

Figure 1: A-D) Preoperative computed tomography angiography with 
volume rendering 3-dimensional reconstruction showing a segmental 
thrombosis of the right common iliac artery coupled with hypogastric oc-
clusion (arrows).

Figure 2: A-D) Preoperative computed tomography angiography with 
volume rendering 3-dimensional reconstruction showing the retroarticular 
popliteal artery thrombosis (arrows) in absence of leg perfusion.
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recanalization of the interosseous artery as far as the ankle (Figures 
3C-3F) but a significantly slowed flow in the limb vessels and a re-
duced forefoot and toes vascularization (Figure 3F - miniature). After 
the operation, both peripheral pulses were palpable.

 The fibrinolytic treatment was continued for 8 hours post-opera-
tively (75,000 IU every hour) and then stopped because of bleeding 
in the thigh and groin region. This was resolved via prolonged local 
compression (after removing the introducer and US-guided arterial 
access closure via Perclose ProGlide SMC System).

 The postoperative medical therapy consisted of intravenous Hep-
arin infusion (continuous intravenous Heparin to reach an activated 
partial thromboplastin time of 2.0 seconds in elastomer), coupled with 
continuous intra-arterial Prostaglandin intravenous infusion (Iloprost 
1 fl in 50 ml saline solution in elastomer).

 After limb revascularization, a significant progressive increase in 
muscular enzyme creatinine kinase was observed (up to a maximum 
of 9179 U/L), coupled with the development of a compartment syn-
drome that required emergency medical and lateral leg fasciotomy 
ca. 24 hours after limb revascularization; however, no evidence of 
thrombocytopenia or renal function deterioration was evidenced.

 In the subsequent postoperative course, the patient experienced a 
progressive normalization of blood parameters and recovery of the 
clinical picture. He was discharged three weeks postoperatively under 
double antiplatelet therapy (ASA + Clopidogrel) and remained isolat-
ed at home. The Coronavirus swab persisted to be positive for two 
weeks after discharge. At six-month follow-up, both peripheral pulses 
were still palpable and the Eco-color-Doppler control documented 
direct flow in the popliteal, tibialis anterior and posterior artery. An 
almost complete normalization of foot and toe motility and sensibil-
ity were observed, with a mild residual hypoesthesia in the forefoot 
due to persistent peroneal and tibialis nerve post-ischemic neuropathy 
(confirmed via electromyography).

Discussion
 Patients with COVID-19 infection often present a significant pro-
coagulant state frequently related to the severity of the clinical picture 
[1,2,5].

 This condition, together with the inflammatory state associated 
with endotheliitis induced by direct viral infection (characterized 
histologically by diffuse endothelial damage and infiltration by in-
flammatory cells), can act as a trigger for thrombo-embolic events 
[9,10,14].

 The spectrum of appearance of this complication is extremely 
wide, including deep-vein thrombosis and associated pulmonary em-
bolism, as well as, more rarely, arterial thrombosis [2,9,17-21].

 These can involve both the coronary circulation [22,23], as well 
as brain [22,24], mesenteric aortoiliac and peripheral arterial systems 
[8,22,25].

 The overall incidence of COVID-19-related venous or arterial 
thrombo-embolic events is yet to be defined with certainty.
In a recent systematic review analysis including 2928 patients in 28 
studies, thrombo-embolic complications occurred in 34% of the in-
tensive care unit managed patients. In detail, 16.1% of these presented 
deep venous thrombosis and 12,6% experienced pulmonary embo-
lism; in this study arterial thromboembolic events are more rarely 
reported; specifically, cerebrovascular accidents and a myocardial in-
farction were observed in only 3.0% and 8,0% of cases respectively; 
only 39 out of 1566 considered patients (2.5%) experienced a limb or 
mesenteric ischaemia [2].

 In another single-center retrospective analysis on the prevalence 
of thrombotic complications detected with systematic CT Scanning, 
including 72 critically ill patients with COVID-19 infection admitted 
to the intensive care unit for acute respiratory distress syndrome, 54 
thrombotic complications were detected in 42 patients (58%). These 
affected the pulmonary artery in 34 cases (47%) and the peripheral 
venous system in 15 (21%); in this study, (7%) a systemic arterial 
thromboembolic complication was evidenced in only five cases [20]. 
It is interesting to note how, unexpectedly, biomarkers of coagulation 
or inflammation did not discriminate between patients with or with-
out thrombotic complications detected via systemic CT imaging on 
admission [20].

 Klok, et al. in a study including 184 patients on the incidence 
of thrombotic complications in critically ill intensive care unit 
COVID-19 patients reported an overall incidence of thrombo-embol-
ic events of 31%. Also in this study, only 3.7% of these were rep-
resented by arterial thrombosis, three of these causing an ischemic 
stroke [26].

 On the contrary, Topcu, et al. reported only six cases (0,9%) of 
acute limb ischemia on a total of 681 consecutive COVID-19 patients 
[10], ninety (13.2%) of which requiring intensive care unit admission 
Three of these received only systemic anticoagulation while three un-
derwent surgical thrombectomy [10].

 Finally, Cheruiyot, et al. conducted a systematic review of current 
scientific literature published between November 1st 2019, and June 
9, 2020, on PubMed and China National Knowledge Infrastructure 
to investigate the incidence, clinical and anatomical characteristics 
of arterial thrombotic events occurring in COVID-19 patients. This  

Figure 3: (A-F) First angiographic control before percutaneous mechan-
ical thrombectomy via Indigo System (Penumbra, Almeida, California) 
showing the retroarticular popliteal artery occlusion with no peripheral 
leg vessels vascularization (arrow) (A); angiographic control performed 
after mechanical thrombectomy showing the complete recanalization of 
the popliteal artery with partial reperfusion of the tibialis anterior and 
tibioperonealis trunk (arrow) (B); angiographic controls performed after 
further clot aspiration from the three leg vessels and intra-arterial loco-re-
gional direct thrombolysis (Urokinase 100,000 IU in 50 ml saline solu-
tion), showing the progressive recanalization of the tibialis anterior and 
posterior and the partial recanalization of the interosseous artery as far as 
the ankle with a significantly slowed flow (arrows) (C-F); the miniature 
shows the reduced forefoot perfusion (small black arrow) (Figure 3 F).
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review included 27 studies (5 cohort, 5 case series, and 17 case re-
ports) and overall, 90 COVID-19-infected patients. Analysing the 
results of this wide review-study the Authors concluded that arterial 
thrombosis can occur in around 4% of critically ill COVID-19 pa-
tients; ca. 18% of thrombotic events affected multiple arteries and 
more than 95% of these presented severe ischemic symptoms [9].

 In contrast, in a more recent study by de Roquetaillade, et al. an 
unusually high rate of arterial thrombo-embolic events in COVID-19 
infected patients was reported. In fact, in this study, including 209 
cases of European COVID-19 patients, the rate of arterial thrombo-
embolisms, resulted in 9.6% (24 events in 20 patients considered) 
compared to a mean incidence of 3.7 - 4.4% reported in the largest 
previously published series [3,7- 10, 14-16,26].

 It is interesting to note that in this study, according to what emerg-
es from similar, more recent reports [9,10], arterial thrombotic events 
in COVID-19 infections can also involve relatively young patients 
without pre-existing atherosclerotic lesions [15]. It is also worth 
pointing out that surprisingly, no significant blood test abnormalities 
in coagulation parameters were found [15].

 Our patient was a 47-year-old man with no relevant past medical 
history, atherosclerosis, atrial fibrillation, or pre-existing blood clot-
ting disorders but only minor coagulation abnormalities on admission 
as reported above.

 The onset of COVID-19-related arterial thrombosis can be ex-
tremely variable.

 In some cases, arterial thrombosis can develop later in patients 
initially hospitalized for COVID-19-related pneumonia. Melissano, et 
al. showed a significant number of these late-development COVID-19 
complications three weeks after hospitalization, presenting with pe-
ripheral ischemia of both lower limbs and, occasionally, upper limbs, 
all requiring treatment [12].

 In other rarer cases, on the contrary, acute lower limb ischemia 
represents the initial symptom of COVID-19 disease and can precede 
the onset of respiratory symptoms [7].

 Finally, this complication can also arise after patients have recov-
ered from major symptoms [2,8-10,12] of COVID-19.

 In our case, acute leg ischemia developed three weeks after mild 
COVID-19 infection when he had already recovered from minor 
symptoms and was completely asymptomatic, in isolation because of 
a positive swab. The coagulation anomalies were characterized only 
by mild thromboplastin time alteration (aPTT: 18,0 sec.; nv: 22,0-
31,00), and increased D-dimer level (802 ng/ml; nv: 2-349).

 Acute limb ischemia due to COVID-19-related thromboembolic 
events can affect both lower and upper extremities as well as, rarely, 
vascular grafts [5,11,27].

 As reported in other surgical series, arterial thrombosis may fre-
quently interest multiple vascular levels [2,7,8,10]. Also in our case, 
Angio-CT imaging showed the segmental occlusion of the common 
iliac artery (Figure 1 A-D) (initially treated with surgical thrombec-
tomy), coupled with the retro-articular popliteal artery thrombosis in 
absence of leg vessels perfusion (Figure 2 A-D).

 The most frequent therapeutic options experienced in presence of 
COVID-19-related arterial thromboembolic events include, surgical 
thrombo-embolectomy, eventually coupled with intraoperative local 
thrombolysis or, less frequently, surgical by-pass [2,6,8,10,12,22].

 However, the prognosis of COVID-19-related thromboembolic 
events is frequently poor and the failure of limb revascularization is 
usually very high [2,8,10,16].

 Mellisano, et al in a study on a pattern of vascular disease in 
Lombardy including 21 cases of lower limb ischemia during the first 
month of the COVID-19 outbreak showed a tendency to have ad-
vanced ischemia and below the knee thrombosis. In this study ca. one 
third of the included patients (28,5%) underwent major amputation (6 
out of 21 cases) [12].

 Similarly, Bellosta, et al. in a large study series on acute limb isch-
emia developed in patients with COVID-19 infection, including 20 
patients affected by COVID-19-related pneumonia, reported a high-
er failure rate of revascularization surgery [8]. Specifically, 17 out 
of 20 patients (85%) underwent surgery, while three of these (15%) 
did not undergo revascularization due to their moribund condition. 
In this series 20 surgical thrombo-embolectomies were performed, of 
which four patients (23.5%) were also associated with intra-opera-
tive thrombolysis. Overall, successful revascularization was obtained 
in 12 out of the 17 (70.6%) operated. During hospitalization, 2 pa-
tients (13%) underwent re-intervention. This cohort of patients also 
revealed a high mortality rate (40%) [8].

 Goldman, et al. in a retrospective propensity score–matched study 
on lower-extremity arterial thrombosis associated with COVID-19, 
compared 16 patients who tested positive for severe COVID-19-re-
lated acute respiratory syndrome from March to April 2020 and 32 
patients who tested negative observed over three different periods of 
time (January -April 2018, January - April 2019, and January - April 
2020) [18]. In this study, a high rate of leg amputation (25%) and 
death (38%) was also found in patients with COVID-19 compared 
with the control group (3% for both). A greater clot extension and a 
worst prognosis were also demonstrated in this series, especially in 
presence of severe systemic or respiratory symptoms [16].

 As reported in several surgical series, arterial thrombotic events 
causing acute limb ischemia in COVID-19 patients often interested 
also the microcirculation vessels [2,3,7,8,14,28]. In these cases, there 
is a reduction or, even a total absence of the forefoot microcircula-
tion at completion angiography after thrombectomy, as we found in a 
“desert foot” [7,8].

 It is most likely that frequent reduction or absence of forefoot per-
fusion significantly conditions revascularization results. It has also 
been hypothesized that the frequent condition of “desert foot” might 
be related to the systemic, virus-related state of hypercoagulability 
[8].

 Also, in our case the completion angiography showed a signifi-
cantly slowed flow in the leg vessels coupled with a reduced forefoot 
vascularization (Figure 3 F – miniature).

 In order to achieve a selective non-traumatic limb recanalization, 
we decided to perform a PMT rather than peripheral limb vessels 
re-thromboembolectomy. We have not found other cases of acute 
lower limb ischemia due to COVID-19-related arterial thrombo-
embolic events managed successfully via percutaneous mechanical 
thrombo-aspiration in previously reported surgical series.

 We employed a percutaneous US-guided superficial femoral ar-
tery approach to avoid puncturing at the same level as the previous 
arteriotomy at the common femoral artery level and, considering  
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the presence of distal leg and foot vessels thrombosis, a selective 
loco-regional direct catheter-guided intra-arterial thrombolysis. The 
fibrinolytic treatment was continued for 8 hours post-operatively and 
stopped due to bleeding in the thigh and groin region.

 This treatment has also been reported in other experiences as an 
adjunctive intraoperative procedure in similar cases of COVID-19-re-
lated peripheral limb and foot vessel thrombosis [2,6,8,12,22].

 The postoperative medical therapy consisted of continuous intra-
venous Heparin infusion, coupled with antiplatelet therapy and con-
tinuous intravenous Prostaglandin infusion.

 In this regard, it has been suggested by some Authors that pro-
longed systemic heparin might improve not only patients’ survival 
but also the possibility of limb salvage [2,8,9], preventing both prop-
agation of the thrombus both proximally and distally and maintaining 
collateral vessels patency [4].

 Furthermore, it seems that Heparin has a suppressive activi-
ty against the development of a cytokines storm, which is a typical 
pathogenetic process of COVID-19 infection that ultimately results in 
acute lung injury and death [29]. Finally, it has also been postulated 
that Heparin has a competitive binding activity to the coronavirus re-
sulting in inhibiting cell organism penetration [4].

 We did not document Heparin-induced thrombocytopenia in this 
case although this risk should always be considered (HIT) [19].

Conclusion
 Acute lower limb ischemia following COVID-19-related arte-
rial thrombo-embolic events represents a severe complication of 
COVID-19 infection and in these cases the failure of limb revascular-
ization is usually very high.

 An endovascular treatment via PMT coupled with CDT might rep-
resent a promising, less traumatic and more selective approach.
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