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Abstract 
COVID-19 infection or vaccination is rarely associated with arterial occlusive disease of the 
extremities. The surgical department of a hospital in Johor, Malaysia, recorded a significant increase 
in the number of COVID-19-related acute limb ischaemia when the rates of COVID-19 were high 
both locally and internationally. The clinical presentation and management of acute limb ischaemia 
associated with COVID-19 infection or vaccination are largely underreported in Johor. Herein, 
we report a case series of 12 patients managed with strategies ranging from purely anticoagulation 
to catheter-directed thrombolysis and surgical embolectomy. This case series describes the clinical 
presentation, risk profiles, treatment approaches and limb outcomes of the patients. The amputation 
rate was high in view of unfavourable factors, including delayed presentation, high-risk factors and 
severe COVID-19. Three cases of potential COVID-19 vaccine-related acute limb ischaemia were 
included. COVID-19-related acute limb ischaemia can be minimised with heightened alert, pre-
emptive optimisation with proper hydration and consideration for early prophylactic anticoagulation 
in high-risk cases.

Introduction
COVID-19 infection has been reported to 
be associated with an increased incidence of 
thrombotic events that require emergency 
surgical interventions. The spectrum of vascular 
emergencies reported encompasses venous 
and arterial thromboembolisms.1 Arterial 
thromboembolism in the extremities (upper 
and lower limbs) with resultant acute limb 
ischaemia is the least commonly observed type. 
Current international guidelines recommend 
early initiation of pharmacological prophylaxis 
against venous thromboembolism in patients 
with COVID-19, similar to local Malaysian 
guidelines.1 Despite early prophylaxis, the 
incidence of thrombotic events remains high 
in patients with concomitant COVID-19.2 
In comparison with venous occlusion, acute 
limb ischaemia in patients with COVID-19 
due to arterial thromboembolism is rare. A 
systematic review of case reports identified 
that early surgical revascularisation may 
improve morbidity outcomes and reduce 
amputation rates.2 Malaysia had seen a surge in 
COVID-19 infection in June 2021 along with 
a concomitant rise in the number of acute limb 
ischaemia cases. There are no clear guidelines 
towards the management of limb ischaemia 
in patients with COVID-19. The current 
management is largely individualised to each 

patient and extrapolated from non-COVID-19 
literature.2 Hence, this case series highlights all 
cases of COVID-19-associated limb ischaemia 
treated in the general surgical department of 
Hospital Sultanah Aminah, Johor Bahru. The 
clinical course and management of each patient 
are discussed.

Case presentation
This case series included all patients with 
COVID-19-associated limb ischaemia during 
the surge of COVID-19 infection in Hospital 
Sultanah Aminah, Johor Bahru, Malaysia, from 
June to September 2021. Patient data were 
retrieved retrospectively: age, sex, ethnicity, 
cardiovascular risk factors, involved blood 
vessels and medical and surgical managements 
with the eventual outcome (morbidity, 
mortality and amputation rates). These data 
were subsequently analysed and tabulated 
for comparison. The case series included all 
patients with acute limb ischaemia secondary to 
COVID-19 infection or vaccination who were 
referred to our surgical department during the 
4-month study period.

Herein, there were nine cases of COVID-19-
associated limb ischaemia that were referred to 
our general surgical department. The patients 
were aged between 25 and 84 years; the sex 
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distribution was equal; and the majority of the patients were Malays, considering that Malays are 
the ethnic majority in Malaysia. Most patients (n=8) had severe COVID-19 pneumonia requiring 
oxygen supplementation. Six of them required endotracheal intubation and mechanical ventilation. 
Eight patients had lower limb ischaemia, while one patient had upper limb ischaemia. There were 
two elderly patients (age of >70 years) in our series, both of whom had cardiovascular risk factors 
and comorbidities. The major blood vessels involved were the iliac, femoral and popliteal arteries 
(Table 1). From the data tabulation, we observed that the younger patients had a lower threshold 
and higher incidence towards involvement of the end-artery ischaemia of the digits (Table 1).

Table 1. COVID-19 infection-related peripheral vascular thrombosis.

No.
Age, 

ethnicity 
and sex

Highest
COVID-19 

stage

Cardiovascular 
risk(s)

Presentation
Vessel 

involved
Medical 

management
Surgical 

management
Outcome

1
48 years, 
Chinese, 

male
Stage 5b None

Left leg 
gangrene 

for 1 week
(Missed acute 
limb ischaemia 
Rutherford 3)

Left common 
iliac total 
occlusion 

(CTA)

S/C Clexane 
60 mg BD

Left AKA and 
embolectomy

Survived 
with left 

AKA

2
41 years, 
Malay, 
male

Stage 4a
Smoking
Diabetes

Left foot 
discolouration 

for 6 days
(Acute-on-
chronic left 
lower limb 
ischaemia 

Rutherford 2b)

Left popliteal, 
left anterior 
tibial artery 

(CTA) (Figures 
1–3)

IV Heparin 
-> oral 

rivaroxaban 
and aspirin

Angioplasty 
with alteplase 

infusion

Survived 
with no 

amputation

3
75 years, 
Chinese, 
female

Stage 5b

Hypertension
Dyslipidaemia

Atrial fibrillation 
Stroke

Left leg 
discolouration 

for 1 week 
with reduced 
consciousness

(Acute left 
lower limb 
ischaemia 

Rutherford 3)

Distal SFA 
to below the 
trifurcation 
(clinical and 

Doppler)

S/C Clexane 
60 mg BD

-
Died before 
amputation

4
66 years, 
Malay, 
male

Stage 5b None

Dusky 
discolouration 

of the toes 
after 2 weeks 
of ICU stay 

(Rutherford 3)

Crural vessels 
(dorsalis pedis 
and posterior 
tibial) (clinical 
and Doppler)

IV Heparin -> 
S/C Clexane 
60 mg BD

Refused left 
BKA

Died 1 week 
later

5
84 years, 
Malay, 
male

Stage 5b

Hypertension
Diabetes

Left femoral 
fracture 

(walking frame)
Ischaemic heart 

disease 

Chest pain 
with high 
troponin 
T level 

(NSTEMI), 
sudden onset 

of left leg 
pain for 1 day 
(Rutherford 

2b)

Left CFA 
onwards

S/C Clexane 
60 mg BD

-

Died 1 day 
following 

limb 
ischaemia 

onset

6
42 years, 
Malay, 
female

Stage 1
Diabetes 

Hypertension

Left hand pain 
and bluish 

discolouration 
for 2 days 

(Rutherford 
2a)

Brachial artery 
thrombosis

IV Heparin -> 
S/C Clexane 
80 mg BD

Left brachial 
artery 

embolectomy

Survived 
with no 

functional 
disability 

7
25 years, 
Indian, 
female

Stage 5b None

required 
noradrenaline 
for inotropic 
support due 

to septic shock 
(Rutherford 3)

Toe digital 
arteries

S/C Clexane 
60 mg BD

- Died

8
27 years, 
Malay, 
female

Stage 5b

Pregnant and 
underwent 

caesarean section 
6 days prior, 

highest fraction 
of oxygen 

requirement 
of 100% with 
noradrenaline 

inotropic 
support

Lower limb 
and right upper 

limb bluish 
discolouration 

for 2 days

Finger and 
toe digital 

arteries and 
left iliofemoral 

deep vein 
thrombosis

S/C Clexane 
60 mg BD

-

Died 1 
day after 
gangrene 

onset
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Table 1. Continued

No.
Age, 

ethnicity 
and sex

Highest
COVID-19 

stage

Cardiovascular 
risk(s)

Presentation
Vessel 

involved
Medical 

management
Surgical 

management
Outcome

9
59 years, 
Malay, 
female

Stage 4b

Required 
noradrenaline 
for inotropic 

support

Bluish 
discolouration 
of the toes for 

1 week
Acute limb 
ischaemia 

Rutherford 3 

Toe digital 
arteries- left 
1st, 2nd and 
3rd toes and 

right 2nd 
and 3rd toes 
(clinical and 

Doppler)

SC Clexane 
40 mg BD

Autoamputation Survived

Rutherford 1 = limb viable
Rutherford 2a = limb marginally threatened
Rutherford 2b = limb immediately threatened
Rutherford 3 = limb irreversibly damaged

CTA = computed tomography angiography
CFA = common femoral artery
SFA = superficial femoral artery
AKA= above-the-knee amputation
BKA= below-the-knee amputation
-> means 'later changed to'

In this case series, two patients underwent revascularisation surgery, and both had successful 
limb salvage. These were case numbers 2 and 6, respectively, as listed in Table 1; of them, 
catheter-directed thrombolysis and brachial embolectomy were performed (Figures 1–3).

Figure 1. Computed tomography angiography 
of the lower limb of case number 2 reveals 
that the left proximal anterior tibial artery is 
partially occluded (red arrow).

Figure 2. Catheter angiography of the lower 
limb of case number 2 reveals that the proximal 
anterior tibial artery is partially occluded (red 
arrow, A). The catheter is advanced into the 
proximal anterior tibial artery, and thrombolysis 
is successfully achieved, showing no more 
occlusion (red arrow, B).
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Table 2. COVID-19 vaccination-related peripheral vascular thrombosis.
Age, 

ethnicity 
and sex

Highest
COVID-19 

stage

Cardiovascular 
risk(s)

Presentation
Vessel 

involved
Medical Surgical Outcome

45 years, 
Chinese, 

male

2nd dose, 
2 days

None 

Shortness of breath 
and reversible bluish 
discoloration of the 

left 2nd to 5th fingers 
2 days following 

vaccination

Finger digital 
arteries - left 
2nd to 5th 

fingers (CTA)

- -

Survived 
with 

preservation 
of all digits

67 years, 
Malay, 
female

2nd dose, 
1 week

Tobacco 
smoking
Diabetes

Bluish discoloration 
of the foot for 1 week
(acute limb ischaemia 

Rutherford 3)

External iliac 
and distal 
popliteal 
(CTA)

IV Heparin 
> warfarin

BKA with 
embolectomy 
of ATA and 

PTA

Survived 
with BKA

60 years, 
Chinese, 

male

2nd dose, 
2 days

End-stage renal 
failure with left 
radiocephalic 

fistula

Left forearm and 
hand swelling 2 days 

after vaccination

Brachial 
artery and 

cephalic vein 
thrombosis

- -

Survived 
with 

thrombosed 
fistula

CTA = Computed tomography angiogram

Figure 3. Left toe tip gangrene demarcated 1 
month post-thrombolysis of the anterior tibial 
artery in case number 2.

Both case numbers 2 and 6 were in the younger 
age group of early 40s with a good premorbid 

status. Case numbers 7–9 showed a different 
pattern of thrombosis that only involved the 
end artery of the digits with no medium-to-
large-vessel occlusion (Table 1). Concomitant 
COVID-19-associated limb ischaemia was 
associated with a lower survival rate; five of the 
nine patients eventually died. The patients who 
did not survive were unfit for surgery, as they 
had a higher preoperative risk owing to severe 
comorbidities or severe COVID-19 (Table 1).

There were three patients who developed 
peripheral vascular thrombosis after recent 
COVID-19 vaccination. Two of them 
had thrombosis in the upper limbs two 
days following vaccination, and one had 
lower limb arterial thrombosis a week after 
vaccination. All three patients developed 
thrombotic events following injection of the 
second dose of COVID-19 vaccine. One 
patient who was a smoker and had diabetes 
underwent below-the-knee amputation after 
embolectomy of the occluded tibial arteries. 
The remaining two patients were treated 
conservatively and had successful limb salvage 
(Table 2).

Discussion
Malaysia recorded a surge of COVID-19 
infection from June to September 2021, 
reaching a peak of 10,000 cases daily.3 During 
the same period, we recorded an increase in the 
number of patients in our surgical department 
who were diagnosed with peripheral vascular 
thromboembolism related to COVID-19 
infection or vaccination. This increasing trend 
of disease incidence has also been reported 
in other regions with a large number of 
COVID-19 infection.2,4,5

Owing to paucity of data on related 
management strategies, most cases of acute 

limb ischaemia associated with COVID-19 
have been managed as per current treatment 
guidelines for regular cases without 
COVID-19 infection. The rate of successful 
revascularisation and consequent limb 
salvage together with the overall survival 
appeared to be adversely affected by acquired 
hypercoagulopathy due to COVID-19 
infection.4 In our setting, although there were 
constraints owing to a high patient load, the 
management strategies were optimised with a 
combined general and vascular surgical board 
consultation. In this way, treatment strategies 
were better tailored to each patient, taking into 
consideration all factors, including COVID-19 
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stage, requirement of isolation, grade of limb 
ischaemia and local ICU availability (based on 
age/comorbidities/premorbid function/family 
support).

In the management guidelines for 
COVID-19 and acute limb ischaemia,1 
there is a recommendation for the use of 
intermittent dosing of anticoagulants, such 
as enoxaparin (Clexane) – Clexane requires 
no monitoring of the coagulation profile and 
avoids frequent refilling of heparin-contained 
syringes in infusion pumps – and non-
operative procedures, such as catheter-directed 
thrombolysis – this avoids general anaesthesia 
for vascular bypass surgery or embolectomy.

Limb amputation is often resorted to as a 
life-saving procedure without attempts at 
revascularisation after careful consideration 
of patient age, premorbid factors and 
cardiovascular risks. In comparison with a 
European study,4 our case series had a low 
revascularisation rate, as only candidates 
with favourable parameters were selected. 
Accordingly, the success rate of revascularisation 
appeared higher in our series. This case series 
also included three cases of COVID-19 
vaccination-related acute limb ischaemia.

Herein, there were a total of three cases of 
upper limb thrombosis, with one case related 
to a thrombosed radiocephalic arteriovenous 
fistula (Table 2). Only one case had risk 
factors of heavy tobacco use, diabetes and 
elderly age, which required limb amputation. 
Interestingly, all three cases had peripheral 
vascular thrombotic events after the second 
dose of vaccination, which differ from other 
reported cases in which such events occurred 
after the first dose of vaccination.6 All three 
cases had normal platelet counts, which is 
not related to the more frequent thrombosis 
as a result of antibody against platelet factor 
4 (i.e. vaccine-induced immune thrombotic 
thrombocytopenia [VITT]). In VITT, the 
platelet count is often low with clinical signs 
and symptoms of bleeding tendencies. Enzyme-
linked immunosorbent assays for heparin-
induced thrombocytopenia and serotonin-
release assays can be used to detect and confirm 
VITT. If VITT is suspected, heparin should be 
discontinued and replaced with an alternative 
anticoagulant. Platelet transfusion should be 
avoided, and intravenous immunoglobulin 
should be considered in patients with these 
clinically suspicious features.6 In our three 
cases, the thrombotic events may not be 

directly related to vaccination but may be due to 
dehydration and activation of proinflammatory 
markers, leading to prothrombotic states 
following vaccination. As a general rule, primary 
care practitioners providing COVID-19 
vaccination should advise patients on adequate 
fluid intake and rest and emphasise early 
surgical referral in cases of suspected acute limb 
ischaemia.

This article highlights the importance of early 
identification of patients with cardiovascular 
risk factors, such as smoking, diabetes and 
elderly age, making them at a high risk 
of arterial thrombotic events following 
COVID-19 infection. Heightened awareness of 
COVID-19-related arterial limb complications 
may improve patient outcomes through early 
diagnosis and management with judicious 
intravenous fluid therapy and initiation of 
prophylactic anticoagulation in high-risk 
cases. Survival is often dependent on the 
severity of COVID-19 pneumonia.1 From the 
surgical perspective, revascularisation or limb 
amputation may also be life-saving. Awareness 
and prompt detection of acute limb ischaemia 
symptoms, such as paraesthesia, pain and 
sensory loss, are important for improving 
outcomes via early vascular intervention.2,4

Conclusion
Acute limb ischaemia, a vascular event that may 
be associated with COVID-19 pneumonia or 
vaccination, may lead to significant morbidity 
and mortality. Our case series described the 
treatment of 12 patients with acute limb 
ischaemia associated with COVID-19 infection 
or vaccination. Although there were constraints, 
the management of these patients provided 
unprecedented experience to our team, which 
could then help establish a centre of care. 
Our study supports the data that early and 
appropriate intervention with medical care 
and revascularisation improves limb salvage 
and functional outcomes. We believe that 
patients with high cardiovascular risk profiles 
should be monitored for possible thrombotic 
complications. Patients given COVID-19 
vaccine should be advised on adequate fluid 
intake and early consultation if signs of vascular 
compromise arise.
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What is new in this case report compared to the previous literature?

• With the rising number of COVID-19 infections, there is a concomitant increase in the 
incidence of acute limb ischaemia.

• COVID-19-related acute limb ischaemia may present with subtle symptoms. However, 
early intervention during the golden hour is important to avoid major amputation.

• Optimisation of cardiovascular risk factors and adequate hydration are essential strategies at 
the primary care level to avoid COVID-19 vaccine- or COVID-19 infection-related limb 
ischaemia.

What is the implication to patients?

• Any subtle symptoms of signs shall warrant early referral for vascular assessment either in the 
form of doppler or angiogram. 

• Early intervention when the limb is still viable may avoid major amputation.
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