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Acute Lower Limb Ischemia as Clinical
Presentation of COVID-19 Infection
Cristina Mietto,1 Valentina Salice,1 Matteo Ferraris,2 Gianmarco Zuccon,2

Federico Valdambrini,1 Giorgio Piazzalunga,2 Anna Maria Socrate,2 and Danilo Radrizzani,1
Novel 2019 coronavirus (COVID-19) infection usually causes a respiratory disease that may
vary in severity from mild symptoms to severe pneumonia with multiple organ failure. Coag-
ulation abnormalities are frequent, and reports suggest that COVID-19 may predispose to
venous and arterial thrombotic complications. We report a case of acute lower limb
ischemia and resistance to heparin as the onset of COVID-19 disease, preceding the devel-
opment of respiratory failure. This case highlights that the shift of coagulation profile toward
hypercoagulability was associated with the acute ischemic event and influenced the
therapy.
Respiratory failure is the most common reason for

emergency department (ED) admission of patients

with the novel COVID-19 infection and usually

the first sign of disease. Thrombotic complications

are common in hospitalized patients for COVID-19

pneumonia, and coagulopathy has been associated

with poor prognosis.1,2 Venous thrombosis and pul-

monary embolism are the most represented compli-

cations, whereas thrombotic arterial events are

relatively uncommon and reported in severe

cases.1,3,4

We report the case of a patient with acute left

lower limb ischemia (ALI) and resistance to unfrac-

tionated heparin (UFH) as clinical onset of COVID-

19 disease, preceding the development of respira-

tory failure.
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CLINICAL CASE

A 53-year-old man was admitted to our ED for ALI,

leg pain started the previous day associated with

walking difficulties. Absence of blood flow in the

entire left femoral-popliteal axis was detected at

duplex scan ultrasonography. A subsequent thora-

coabdominal computed tomography angiography

scan confirmed thrombotic occlusion at the iliac level

extended to femoropopliteal arteries and distal circu-

lation, collaterally a focal thrombotic defect within

the right tibioperoneal trunk was evident too, with

reperfusion of the distal posterior tibial artery

(Fig. 1). Clinical and imaging findings were consis-

tent with the diagnosis of left ALI (Rutherford cate-

gory IIb). Lung imaging showed diffuse bilateral

interstitial infiltrating shadows, mainly at a subpleu-

ral level. Patient complained no recent respiratory

symptoms or fever; oxygenation and vital signs

were normal. Medical history showed hypertension

on medical treatment and mild obesity (body mass

index 33 kg/m2). The nucleic acid detection of

COVID-19 was negative at the ED. An emergent sur-

gical thromboembolectomy of the left lower limb

was performed (standard embolectomy catheters,

Le Maitre�; BurlingtoneMA; USA). After the

removal of the iliac clot, forceful pulsatile inflow

was established; conversely, minimum back-

bleeding was observed from the superficial femoral

artery. Diagnostic angiography revealed a patent
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Fig. 1. A, anterior CTA reconstruction showing occlu-

sion of the left iliac axis (white dotted arrows), reperfusion

of the common and deep femoral arteries and sequent

occlusion at the origin of the superficial femoral artery

( gray arrows); B, posterior CTA reconstruction showing

left popliteal-tibial vessel occlusion ( gray arrow) and right

tibioperoneal trunk occlusion with reperfusion of the

distal posterior tibial artery ( gray dotted arrows).
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femoropopliteal axis with occlusion of the anterior,

posterior, and peroneal artery at the mid-calf level.

The posterior tibial artery was perfused by collaterals

at the ankle level, whereas a typical aspect of ‘‘desert

foot’’ with absence of forefoot microcirculation was

discovered, probably due to acute microvascular

virus-related thrombosis. Then, selective regional
intra-arterial thrombolysis was performed with the

administration of 20 mg/20 min bolus of recombi-

nant tissue plasminogen activator (Actilyse� e
Boehringer Ingelheim Italia S.p.A.; Milan, Italy),

with a 4F Berenstein catheter positioned in the lower

popliteal artery.4 After thrombolysis, a partial recan-

alization of the peroneal artery until the ankle level

mailto:Image of Fig. 1|tif


Fig. 2. Final digital subtraction angiography (DSA)

showing incomplete tibial vessel recanalization and

absence of forefoot vessels (i.e., ‘‘desert foot’’). PA, popli-

teal artery; ATA, anterior tibial artery; PLA, peroneal ar-

tery; PTA, posterior tibial artery.
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was observed, together with detectable flow at

continuous wave (CW) Doppler without tibial or

forefoot vessel recanalization (Fig. 2). Anticoagula-

tion with UFH infusion and prostacyclin therapy

were started immediately in the operating room.

Few hours after the procedure, leg pain worsened,

and compartment syndrome was suspected. Emer-

gent fasciotomy of the lateral compartment of the

calf was performed at bedside. On the first postoper-

ative (PO) day, a second COVID-19 nasopharyngeal

swab was performed and resulted positive for the

infection while respiratory function deteriorated

requiring oxygen supplementation. On the fourth

PO day, the patient was transferred to the intensive

care unit (ICU) for further worsening of the respira-

tory function. Continuous positive airway pressure

was performed with a helmet and maintained for 9

days. UFH infusion was chosen because of acute

renal failure due to rhabdomyolysis (creatine phos-

phokinase 56.749 U/l and myoglobin 19.928 mg/l
on the first PO day, acute kidney injury stage 2)

and continued in accordance with our standard pro-

tocol. However, the therapeutic targetwas difficult to

achieve (activated partial thromboplastin time ratio

2.5e3.0). Antithrombin levels were measured daily

and supplemented accordingly. Increase in UFH

requirement above 50.000 U/day raised concern

about heparin resistance, and further evaluation of

coagulation function was performed.5 Both intrinsic

(intem) and extrinsic (extem) coagulation pathways

were explored by rotational thromboelastometry

(ROTEM) analysis. No sign of effective anticoagula-

tion was detected (intem clotting time (CT) and clot-

ting time formation were within normal range), and

data suggested a hypercoagulability state (maximum

clotting firmness (MCF) intem and extem were 75

and 76 mm, respectively).6 At the same time, anti-

factor Xa (AFXa) assay was below the therapeutic

range (0.08 U/ml). Therefore, UFH infusion was

increased up to 79.200U/day to obtain activated par-

tial thromboplastin time ratio> 2.5. The ROTEM

intem profile showed increased CT (300 s), whereas

both MCF pathways (intem and extem) did not

change. Afterward, AFXa resulted in the therapeutic

range (0.43 U/ml). Platelets count and fibrinogen

level were normal at ED admission, but the latter

steadily increased after 2 days of hospital stay.

Left lower limb perfusion slowly improved during

the following days, with restoration of direct blood

flow within the posterior and anterior tibial artery

in the proximal foot (CW Doppler). Foot sensitivity

and motility improved; however, a permanent su-

perficial peroneal nerve impairment persisted.
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Skin cyanosis was limited at the forefoot, and dry

necrosis developed at the distal phalanx. On the

18th PO day, the patient was transferred to infec-

tious disease unit. On ICU discharge, no respiratory

or renal support was required: cytolysis enzymes

decreased during the days and renal function recov-

ered (creatine phosphokinase 826 U/l, myoglobin

266 mg/l, creatinine 1.06 mg/dl). Continuous infu-

sion of UFH was stopped and low-molecular-

weight heparin (LMWH) was introduced (100 U/

kg/die b.i.d.). No bleeding complication was

observed. On the 40th PO day, the patient has

been discharged to rehabilitation.
DISCUSSION

Fever, cough, and respiratory failure are the most

common symptoms complained by patients sus-

pected for COVID-19 disease at ED admission. Never-

theless, we describe a case of acute lower limb

ischemia as an atypical presentation of COVID-19

infection. In this case, a patient with low cardiovascu-

lar risk developed an acute lower limb ischemia

before the onset of respiratory symptoms. No signs

of preexisting atherosclerotic arterial disease were

detected at CT scan or during surgery. Previous case

reports of ALI and peripheral arterial disease have

been described in critically ill patients with COVID-

19,7 as well as coronary artery disease and ischemic

stroke as rare manifestations usually associated with

respiratory distress.8 Deep venous thrombosis and

pulmonary embolism are the most common compli-

cations, evenduring LMWHprophylaxis.8 The hemo-

static system is markedly shifted toward the

procoagulant state in critically ill patients with

COVID-19 predisposing to thrombotic events.9More-

over, coagulation abnormalities have been identified

as a persistent feature during the disease and associ-

ated to increased mortality.1,2 Although this patient

had low risk of arterial thrombotic event (hyperten-

sion andmild obesity), he showed coagulation abnor-

malities described in COVID-19 infection as high

fibrinogen level and hypercoagulability state at

ROTEM analysis (increased MCF). Maximal clot

amplitude at thromboelastography analysis above

normal value was reported in more than 80% of pa-

tients with COVID.9 Even in absence of preexisting

atherosclerotic arterial disease, the procoagulant and

inflammatory state induced by COVID-19 probably

acts like a trigger in arterial thrombosis, especially of

microcirculation vessels. A recent study reported

higher failure rate of revascularization surgery in pa-

tientswithALI andCOVID-19 pneumonia.4 Frequent

early recurrent thrombosis and absence of forefoot
microcirculation are also described. Intraoperative

fibrinolysis and prompt anticoagulation with intrave-

nous UHF have been advocated to improve microcir-

culation and prevent rethrombosis.4 Effective

anticoagulation target was difficult to achieve despite

the increase of UFH doses. Heparin resistance has

been associated with high fibrinogen, factor VIII,

and von Willebrand factor in patients with COVID-

19.10 Surgical thromboembolectomy, intraoperative

fibrinolysis, vasodilation therapy (prostacyclin), opti-

mization of anticoagulationwith antithrombinmoni-

toring and supplementation, and AFXa

determination to confirm suboptimal heparin level

were successful in restoring perfusion and avoided

major amputation in the case presented.

Finally, at admission in absence of respiratory

symptoms, CT scan showed multifocal bilateral pe-

ripheral ground glass areas consistent with charac-

teristic COVID-19 pulmonary findings. First,

nasopharyngeal swab was negative; however,

reverse transcription polymerase chain reaction

(RT-PCR) screening has a limit in sensitivity at

initial presentation (60%e79%).11,12 Typical CT

scan with bilateral peripheral ground glass opacifi-

cations led the physicians to repeat the RT-PCR

test that confirmed COVID-19 diagnosis. Patholog-

ical CT scan findings may be present before respira-

tory symptoms onset, as it occurred in the reported

case.13 Respiratory impairment and moderate acute

respiratory distress syndrome could be treated suc-

cessfully with noninvasive ventilation, whereas

the major disease features were associated with hy-

percoagulability and arterial thrombotic occlusion

event, which was the first reason for ED admission.

Thrombotic events associated with COVID-19

infection warrant advance coagulation monitoring

to resolve acute problems and improve our under-

standing of patients’ coagulation state. Arterial

thrombotic events causing ALI associated with

COVID-19 infection are mainly located within

microcirculation vessels, with associated high rate

of recurrent thrombosis. Therefore, we decided to

shift our policy toward a more aggressive regimen

of prompt and full anticoagulation with intravenous

UFH and selective intra-arterial thrombolysis. New

insights toward advance coagulation monitoring

and patients’ hypercoagulable state during COVID-

19 pandemic are needed to fully understand the

pathogenesis of thrombotic effects.
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