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SUMMARY
COVID-19 is caused by the SARS-CoV-2, and its 
presentation ranges from mild upper respiratory illness 
to critical disease including acute respiratory distress 
syndrome and multiorgan dysfunction. While it was 
initially believed to primarily target the respiratory 
system, numerous studies have demonstrated it to cause 
a hypercoagulable state that predisposes to arterial 
and venous thrombosis. We present a case where a 
patient with COVID-19 developed acute lower limb 
ischaemia due to arterial thrombosis in the setting 
of full-dose enoxaparin, followed by heparin infusion 
protocol. The patient developed recurrent ischaemia 
despite thrombolysis in addition to anticoagulation, and 
eventually required open thrombectomy before making a 
full recovery.

BACKGROUND
COVID-19 is caused by the SARS-CoV-2. Its 
presentation ranges from mild upper respiratory 
illness to critical disease including respiratory 
failure and multiorgan dysfunction. It is also asso-
ciated with coagulopathy, with venous thrombo-
embolism (VTE) and pulmonary embolism seen in 
13.9%–26.1% of critically ill patients with COVID-
19.1 2 Although patients with COVID-19 admitted 
to the hospital are routinely prescribed thrombo-
prophylaxis, thromboembolism can still occur. 
We describe a case of threatening limb ischaemia 
in a patient infected with COVID-19 who was on 
therapeutic dose anticoagulation at the time of 
diagnosis. He went on to develop recurrent limb 
ischaemia despite treatment with two consecutive 
and different types of anticoagulation as well as a 
successful thrombolysis. He ultimately required 
open thrombectomy for the recurrent disease and 
made a full recovery.

CASE PRESENTATION
A 60-year-old man with a medical history of hyper-
tension, hyperlipidaemia, intermittent asthma, 
gastritis, arthritis and no smoking history presented 
to the emergency department with worsening 
dyspnoea for the past 4 days. He reported testing 
positive for SARS-CoV-2, a few months prior. He 
was noted to be in significant respiratory distress, 
diaphoretic and tachycardic. His oxygen saturation 
was 83% and only improved to 95% on proning 
with high-flow nasal cannula and non-rebreather 
oxygen mask.

Initial laboratory values are summarised in 
table 1. X-ray of the chest showed patchy bilateral 
airspace consolidations. Electrocardiogram (EKG) 
showed normal sinus rhythm at 96 beats/min. Naso-
pharyngeal swab tested positive for SARS-CoV-2. 
The patient was started on remdesivir, dexameth-
asone, azithromycin and ceftriaxone. Given the 
patient’s clinical presentation, COVID-19 positive 
status and elevated D-dimer, there was a high clin-
ical suspicion for pulmonary embolism. He was, 
however, deemed too clinically unstable to undergo 
CT pulmonary angiogram at the time of presen-
tation, as he was only able to saturate 90% while 
lying prone on high-flow oxygen. He was trans-
ferred to the intensive care unit (ICU) and empir-
ically started on treatment dose enoxaparin 70 mg 
(1 mg/kg) every 12 hours on admission.

On day 5 of admission, the patient reported a few 
hours’ history of altered sensation, pain and reduced 
ability to move his right foot. On physical examina-
tion, the right foot was pale in appearance and cool 
to touch compared with the left foot. There was 
weakness in the right ankle and toe extension and 
flexion. On palpation, popliteal pulse was reduced, 
and dorsalis pedis (DP) and posterior tibial (PT) 
pulses were absent on the right. DP pulses were 
absent, while PT pulses were detectable with hand-
held doppler. He was immediately switched from 
therapeutic dose enoxaparin to heparin infusion 
protocol. He underwent angiogram on day 6 of 
admission, and was diagnosed with right popli-
teal artery, tibial and peroneal artery thrombosis 
(figure  1). He underwent right popliteal artery 
catheter-directed thrombolysis, with palpable pulses 
and patent popliteal artery shown on completion 
angiogram the next day (figure  2). On day 8 of 
admission, the patient developed severe respiratory 
distress requiring endotracheal intubation. On day 
9, he developed right foot ischaemia due to recur-
rent thrombosis of right popliteal, tibial and pero-
neal arteries (postoperative day 3). This was despite 
being on heparin infusion protocol since day 5 of 
admission. He underwent open thrombectomy of 
the right popliteal, tibial and peroneal arteries, and 
the right foot remained well perfused on examina-
tions postoperatively. He was extubated success-
fully, and his anticoagulation was switched from 
heparin to apixaban.

DISCUSSION
COVID-19 infection causes inflammatory response 
and is strongly associated with arterial and venous 
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thrombosis, especially in patients with moderate-to-severe 
disease. Thrombotic events occur in 11.5% of hospitalised, non-
ICU patients and in 29.4% of patients with COVID-19 in the 
ICU. Severe arterial thrombosis including lower limb ischaemia 
have been reported in patients diagnosed with COVID-19, and 
it has been reported in 18.6% of critically ill patients.2 3 We 
reported a case of acute limb ischaemia in the setting of thera-
peutic dose anticoagulation use. To the best of our knowledge, 
this is the first case where a patient with COVID-19 developed 
recurrent limb ischaemia despite treatment with two consecutive 
types of anticoagulation as well as thrombolysis, and ultimately 
required open thrombectomy before making a full recovery. 
Our case described here suggests that alternative approaches to 
thromboprophylaxis may need to be considered in patients with 
COVID-19 with recurrent thrombosis that does not respond to 
anticoagulation and thrombolysis alone.

In a study on patients with COVID-19 pneumonia who devel-
oped acute limb ischaemia, revascularisation was successful in 
12 of 17 (70.6%) patients who underwent operative treatment.4 
The lower-than-expected revascularisation success rate could 
be due to a link between COVID-19 and hypercoagulable state, 
leading to increased risk of arterial occlusion. The mechanism by 
which COVID-19 infection predisposes patients to thromboem-
bolic events is poorly understood. A myriad of factors including 
overwhelming inflammatory response or ‘cytokine storm’ 

syndromes, platelet activation, complement activation and 
enhanced thrombin generation has been proposed to contribute 
to the hypercoagulable state.5 Marked coagulation derange-
ment including low antithrombin, high D-dimer and high fibrin 
degradation products have been noted in patients infected with 
COVID-19.6 Endothelial damage has been attributed to the 
hypercoagulable state seen in COVID-19, with viral inclusion 
bodies observed under light microscopy. Endotheliitis, hyper-
coagulability and prolonged immobility form Virchow’s triad, 
another potential explanation as to why these patients are prone 
to form arterial thrombosis.7 Both heparin and enoxaparin 
which were used in this patient potentiate antithrombin III as 
the mechanism of promoting anticoagulation. This may explain 
why patients experience breakthrough thromboembolism while 
on full-dose anticoagulation.8 Further research is needed to 
assess the efficacy of different anticoagulants in the setting of 
COVID-19 infection and hypercoagulable states.

The American Society of Hematology currently recommends 
prophylactic intensity anticoagulation over intermediate or ther-
apeutic intensity anticoagulation in patients with COVID-19 who 
do not have suspected or confirmed VTE.9 Emerging evidence 
demonstrates high incidence of thromboembolism in patients 
with COVID-19 despite prophylactic dose anticoagulation. In 
an Italian retrospective study on laboratory-proven patients with 
COVID-19, at least one thromboembolic event occurred in 20 
out of 314 (6.4%, 95% CI 4.2% to 9.6%) patients in general 
ward and in 8 out of 48 (16.7%, 95% CI 8.7% to 29.6%) ICU 
patients. This is despite thromboprophylaxis used in 75% of 
general ward patients and in 100% of ICU patients.10 On the 

Table 1  Initial laboratory results on admission

Reference range

Haemoglobin (g/L) 135–175 151

White blood cell count (×109/L) 3.8–11 6.9

Absolute neutrophil count (×109/L) 2–6 6.2*

Absolute lymphocyte count (×109/L) 1–2 0.4*

Platelets (×109/L) 130–400 172

Blood urea nitrogen (mg/dL) 9–20 32*

Serum creatinine (mg/dL) 0.7–1.3 1.8*

Troponin (ng/mL) <0.03 0.086*

Prothrombin time (s) 9.5–13.1 11.5

International normalised ratio 0.8–1.2 1.03

Partial thromboplastin time (s) 24-3–35.9 32.1

D-dimer (ng/mL) ≤500 1242*

Lactate dehydrogenase (U/L) 313–618 1650*

C reactive protein (mg/dL) <1.0 15.5*

Ferritin (ng/mL) 17.9–464 916*

Creatine kinase-MB (ng/ml) 0.0–3.3 0.96

Lactic acid (mmol/L) 0.70–2.00 1.39

*Outside reference range 

Figure 1  Right lower extremity angiogram on day 6 showing acute 
thrombosis of the right popliteal artery.

Figure 2  Right lower extremity angiogram on day 7. The (A) right 
popliteal artery was patent with no evidence of aneurysm, while the 
(B) tibioperoneal trunk was occluded at the bifurcation before the 
thrombolysis catheter was repositioned.

Learning points

►► Hospitalised patients with COVID-19 are at significant risk 
of arterial and venous thrombosis, and thromboembolism 
can occur even in those on successive therapeutic dose 
anticoagulation.

►► Successful revascularisation after thrombolysis does not 
preclude recurrent thrombosis, and clinicians should maintain 
a high index of suspicion for recurrence in patients with 
COVID-19 with confirmed thromboembolism.

►► All hospitalised patients with COVID-19, unless clinically 
contraindicated, should be on minimum of prophylactic dose 
anticoagulation.

►► More clinical data are needed to guide clinicians on the 
optimal choice and dosing of anticoagulation in patients with 
COVID-19.
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other hand, pre-emptive therapeutic anticoagulation is associ-
ated with 2.3 times higher risk of mortality compared with those 
on prophylactic dose.11 The current literature on the character-
istics of patients that warrant intermediate or therapeutic dose 
anticoagulation is sparse. Ongoing international trials such as 
the Randomized, Embedded, Multifactorial Adaptive Platform 
Trial for Community-Acquired Pneumonia, Antithrombotic 
Therapy to Ameliorate Complications of COVID-19, and Anti-
thrombotics for Adults Hospitalized With COVID-19 aim to 
address the question whether therapeutic dose anticoagulation is 
warranted in moderately to critically ill patients.12 Results from 
studies that compare different anticoagulant types and doses 
will guide clinicians in selecting optimal thromboprophylaxis 
tailored to each patient with COVID-19.
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