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ARTICLE INFO ABSTRACT

Handling Editor: Dr P Emmanouil Background: Hypercoagulability is a common complication seen in COVID-19 infection. However, arterial

thrombosis such as acute limb ischemia (ALI) is far less common. Data on the incidence and nature of arterial

Keywords: thromboembolic complications in patients with COVID-19 is limited, originating from a few case reports and case

Acute limb ischemia series. Data in the African continent are very scarce.

g;)s?];rligs Method: This is a case series of 10 patients with COVID-19 who developed ALI while on treatment at Eka Kotebe
- . General Hospital, Addis Ababa, Ethiopia. All patients with ALI and COVID-19 admitted between February 1,

Anticoagulation

VITT 2021, and December 31, 2021, were retrospectively identified and reviewed. COVID-19 was confirmed by RT-
PCR and ALI was confirmed by Doppler ultrasound and/or computed tomography angiography in the pres-
ence of clinical suspicion.

Results: A total of 3098 patients were hospitalized with confirmed COVID-19 during the study period. In a series
of 10 patients, 8 (80%) males with a median age of 53.5 years were included. All except one (10%) had one or
more risk factors for ALI and one had a ‘possible’ case of vaccine-induced thrombotic thrombocytopenia (VITT)
associated with ALIL All were admitted with severe COVID-19 and most (80%) developed ALI during hospital-
ization (median of seven days from admission). The median duration between COVID-19 and ALI symptom onset
was 14.5 days (IQR, 11-15). The majority (60%) were taking therapeutic anticoagulation at the time of ALI onset
which is the standard of care for patients with severe disease. Five (50%) were successfully revascularized
(median time of 3.5 days) and the rest underwent amputation. All survived and were discharged improved.
Conclusion: ALI can occur in the context of COVID-19 even while a patient is on therapeutic dose anticoagulation
and in the absence of traditional risk factors. It is wise to be vigilant of this complication for timely intervention
and better treatment outcomes.

1. Background

Hypercoagulability is one of the complications seen in the Corona-
virus 2019 disease (COVID-19) that is associated with significant
morbidity and mortality. COVID-19 predisposes to all three components
of Virchow’s triad. i.e., endothelial dysfunction via direct viral infection
through angiotensin-converting enzyme 2 (ACE-2) receptor, patients are
usually hospitalized and immobilized for a prolonged duration, cytokine

Abbreviations: VITT, vaccine-induced thrombotic thrombocytopenia.

release associated hypercoagulability and hypoxia. In addition, as with
other critically ill patients, patients with COVID-19 may be treated with
vasopressor agents that can lead to small vessel thrombosis, acral
ischemia, and digital gangrene [1].

Thrombotic complications in patients with COVID-19 present in
different ways, most commonly with venous thromboembolism during
inpatient as well as outpatient periods. Although far less common,
arterial events are related to thrombosis of the extremity, cerebral,
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coronary, and visceral arteries [1].

Acute limb ischemia (ALI), which is a medical emergency, is a sud-
den severe decrease in the perfusion to an extremity, usually <2 weeks
in duration. Thus, early recognition of ALI and timely intervention can
help reduce morbidity and mortality in patients with COVID-19. The
typical clinical features of acute limb ischemia include the 6 Ps (pain,
pallor, poikilothermia, pulselessness, paresthesia, and paralysis).

According to the Society for Vascular Surgery/International Society
for Clinical Vascular Surgery (SVS/ISVS), the severity of ALI is staged by
the presence and degree of sensory and motor function loss as well as
doppler findings. This classification (i.e., Rutherford staging) de-
termines the urgency and type of diagnostic evaluation and intervention
(Table 1) [9,10].

The diagnosis of ALI is mainly clinically based on physical exami-
nation results, including measurement of extremity pressures (e.g.,
ankle-brachial index, wrist brachial index, if distal Doppler signals are
present), in combination with the patient’s history (symptom duration,
pain severity, and sensory-motor loss).

We describe here a case series of ten patients with COVID-19-
associated acute limb ischemia, all treated at Eka Kotebe General Hos-
pital, the premiere COVID-19 treatment center in Addis Ababa, Ethiopia.
We aimed to report our institutional experience, i.e., the incidence,
characteristics, and clinical outcome of COVID-19 patients who devel-
oped ALI during hospitalization, and compare it to findings from
resource-rich countries.

2. Methods

We presented a single-center, retrospective chart review of patients
who were admitted to the hospital with COVID-19 and had ALI between
February 1, 2021, and December 31, 2021. Data about patient de-
mographics, co-morbidities, and outcomes were collected. COVID-19
was confirmed by reverse transcriptase-polymerase chain reaction
(RT-PCR) in all and for a patient diagnosed to have ALI based on clinical
presentation, Doppler ultrasound, and CT Angiography are used to
identify the site of occlusion. Continuous variables are presented as
median (interquartile range [IQR]), using Excel 2021. Categorical var-
iables are presented as absolute numbers (n) and proportions (%).

3. Results

A total of 3098 patients, with a median age of 50 years (IQR, 33-65),
were hospitalized with confirmed COVID-19 during the study period. Of
those, 1393 (45%) were females and 797 (25.7%) required ICU admis-
sion. ICU mortality rate was 58% using complete case analysis during
the study period. Ten patients (0.32% incidence) with a median age of
53.5 years (IQR, 53-63) developed ALI during the study period (Table 3
in supplementary data). Two of the 10 patients (20%) were females. Two
were overweight and two were obese. Type 2 diabetes mellitus (T2DM)
was the most common comorbidity (70%) followed by dyslipidemia and
hypertension, each present in four patients (40%), and two were ex-
smokers (Tables 3 and 4 in supplementary data). Only one was vacci-
nated for COVID-19 (two doses of AstraZeneca).

All presented with COVID-19 symptoms before the ALI. All were
admitted with severe COVID-19 and six (60%) had possible

Table 1
Rutherford classification of ALI (SVS/SICVS) [10].
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superimposed bacterial pneumonia supported by imaging studies (CXR
and/or CT) in addition to compatible clinical features. The relative
frequency of COVID-19 symptoms was cough (100%), shortness of
breath (60%), fever and easy fatiguability (50%), anorexia (30%), and
loss of smell and taste sensation (20%). The median duration between
COVID-19 and ALI symptom onset, and between admission and ALI was
14.5 days (IQR, 11-15) and 7 days (IQR, 3.25-8), respectively.

The site of occlusion was infra-popliteal (50%) in five cases (bilateral
dorsalis pedis, anterior and posterior tibialis in three of them), popliteal
(50%) followed by superficial femoral artery (30%), and one case (10%)
of deep femoral artery, common iliac artery, external iliac artery,
brachial artery and coronary artery each. Most (60%) were already on a
therapeutic dose of anticoagulation (35,000 IU UFH/24 h in two divided
doses SC) for severe COVID-19 and 20% were on prophylactic anti-
coagulation at the time of the event. None had any form of bleeding or
over-anticoagulation.

The severity of the ALI was staged Ila in three patients, IIb in four
patients, and III in four patients, according to Rutherford classification.
Five (50%) were successfully revascularized by open thrombectomy
while the rest underwent major amputation during hospitalization. One
patient underwent amputation within one month of hospital discharge.
Recurrent thrombosis occurred in two patients after thrombectomy, 3
days later (same site) in one patient and 3 weeks later (at a different site)
in the other patient. All survived hospital discharge (Table 2). Filling

Table 2
Summary of characteristics of patients with acute limb ischemia.
Variable Value
Demographics
Female sex, n (%) 2 (20%)
Age (years), median (IQR) 53.5 (53-63)
Risk factors, n (%)
Diabetes Mellitus (type 2) 7 (70%)
Hypertension 4 (40%)
Smoking 2 (20%)
Obesity 2 (20%)
Dyslipidemia 4 (40%)
Clinical severity of COVID-19
Asymptomatic 0 (0%)
Mild 0 (0%)
Moderate 0 (0%)
Severe 10 (100%)
Critical 0 (0%)
Time from COVID-19 symptom onset to ALI symptom onset 14.5 days
(days), median (IQR) (11-15)
Grade of ALI (Rutherford Classification), n (%)
I 0 (0%)
Ila 3 (30%)
b 4 (40%)
111 4 (40%)
Management of ALIL n (%)
Systemic anticoagulation with UFH alone 0 (0%)
Thrombectomy (open) and systemic anticoagulation with UFH 5 (50%)
(therapeutic dose)
Amputation (disarticulation) 5 (50%)
Outcome, n (%)
Revascularization 5 (50%)
Amputation 5 (50%)
In-hospital mortality 0 (0%)

Category Description/prognosis Findings Doppler signals
Sensory loss Muscle weakness Arterial Venous

1. Viable Not immediately threatened None None Audible Audible

II. Threatened

a. Marginally Salvageable if promptly treated Minimal (toes) or none None Inaudible  Audible

b. Immediately Salvageable with immediate revascularization More than toes, associated with rest pain Mild, moderate Inaudible Audible

III. Irreversible Major tissue loss or permanent nerve damage is inevitable Profound, anesthetic Profound, paralysis (rigor) Inaudible Inaudible
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defects on lower extremity CT angiogram of a patient (patient 2) is
shown below (Figs. 1-5).

4. Discussion

Among COVID-19 patients requiring admission, data shows ALI
occurred in 3 to 15% of such patients [2,3]. By comparison, the rate of
ALI in the general population is approximately 10-15 per 100,000 per
year and includes embolic, thrombotic, and traumatic etiologies [1].
There is no data on the prevalence of ALI in Ethiopia but data from the
Global Burden of Diseases (GBD) study and a systematic review of
prevalence surveys showed that the rate of increase of ALI prevalence
between 1990 and 2010 was faster in low- and middle-income countries
than in developed nations [13]. Out of 3098 hospitalized patients in Eka
Kotebe General hospital (EKGH), the largest COVID-19 treatment center
in the country, there were ten cases of ALI (i.e., an incidence of around
0032%). However, this is lower than other countries’ studies [2-4].

As with ALI in the general population, the lower extremity is affected
more commonly than the upper extremity in patients with COVID-19. In
our study, 90% had ALI in the lower extremity and 10% in the upper
extremity with concomitant coronary thrombosis and DVT seen in 10%
each. This is similar to one of the largest case series in New York [2,3].

The most common risk factors were DM found in 70%, followed by
HTN and dyslipidemia each found in 40% of cases and 20% were obese.
This is also similar to several case series in the US and Italy [2,3,5].
However, in our study, on average, patients were less than 60 years of
age (mean 56.6 years) with BMI <25 and none had CKD (Table 2).

Surprisingly, COVID-19-associated ALI is also seen in young, healthy
patients with no identified risk factor [1]. This was also evident in case
three of our study where the patient lacked any of the traditional risk
factors except for his age (60 years old). Here, it is good to note that
evaluation for cardiovascular (embolic) causes is useful when risk fac-
tors are not present. Acute thrombosis can also be a presenting feature
for patients with COVID-19 before the onset of other symptoms. For
example, in a study by Etkin et al. [2] in the New York area, about
twenty-two (45%) patients presented with signs of acute arterial
ischemia and were subsequently diagnosed with COVID-19 and about
27% of patients had no prior medical history.

COVID-19-associated ALI has also occurred in patients receiving
thromboprophylaxis. Six out of ten (60%) were receiving therapeutic
dose anticoagulation at the time of ALI onset (Table 3). Here, it is also
good to note among patients who developed ALI whilst on a therapeutic
dose of UFH, all but one had a suboptimal level of anticoagulation (i.e.,
below the target level of aPTT) at the time of ALIL. A similar finding was
seen in one study in Turkey [11,14]. This requires reexamining the ef-
ficacy of administering subcutaneous unfractionated heparin, especially
in COVID-19 patients as well as considering rare conditions such as

Fig. 1. Contrast chest CT showing bilateral lungs subpleural and peri-
bronchovascular patchy consolidation, ground-glass opacity, and crazy paving
pattern with subpleural fibrosis consistent with severe COVID-19 pneumonia
(patient 2).
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heparin resistance. However, this is significantly lower in other studies
[5-7]. In one Cochrane meta-analysis, the authors concluded that there
is no evidence of a difference between subcutaneous versus intravenous
UFH for preventing VTE recurrence, VTE-related or all-cause mortality,
and major bleeding. But the quality of the evidence was low and arterial
thrombosis was not studied [17]. Others believe aPTT value may not
reliably reflect the true anti-Xa properties of UFH in such inflammatory
condition of COVID-19 [18].

Even though the majority of patients (55%) develop ischemia during
hospitalization, it can occur in patients with mild symptoms of COVID-
19, concurrently or even following recovery [8]. As shown in Table 3, in
our study, we found out that having Rutherford grade IIb and beyond is
usually but not necessarily associated with an increased risk of ampu-
tation while having grade Ila and below is strongly linked with an
increased chance of successful revascularization (Table 3).

The median duration between COVID-19 diagnosis and ALI symp-
toms was 14.5 days (IQR, 11-15) and this is similar to a study from
Turkey [11]. In addition, except for two cases, all other patients devel-
oped ALI after admission to a COVID-19 treatment center, with a median
duration of seven days after admission (Table 2).

Based on the classification used by Pavord et al. in our study, one out
of ten patients (10%) developed a ‘possible’ case of VITT-associated ALI
and this is similar to the study published on NEJM [12].

Duplex ultrasound and CT angiography are the most common tech-
niques used in clinical practice to help localize the site and extent of
occlusion. In resource-limited set-ups such as Ethiopia, however, such
imaging modalities may not be readily accessible and may require
advanced patient transfer off-site which might not be feasible due to the
patient’s condition. Similarly, in a review of a small cohort of 16 patients
with acute limb ischemia, only 8 patients underwent confirmatory im-
aging studies [5]. Overall, patients with viable or marginally threatened
limbs (stage I and Ila) might have adequate time for vascular imaging
before the intervention, however, patients with an immediately threat-
ened limb (stage IIb and above) require more urgent evaluation, typi-
cally in the operating room. Doppler ultrasound of a patient (patient 6)
before and after thrombectomy is shown below (Figs. 6-9).

Adequate anticoagulation and timely vascular surgery consultation
are crucial to the successful treatment of ALI For patients with AL it is
better to initiate therapeutic anticoagulation with intravenous unfrac-
tionated heparin (UFH) (bolus followed by continuous infusion), unless
there are significant contraindications such as active or major bleeding
in the prior 24-48 h, recent surgery, or contraindications to the use of
heparin (e.g., suspected heparin-induced thrombocytopenia [HIT]) [3].

Based on the patient’s overall stability and limb viability, a decision
needs to be made on whether intervention is proper. Because of the
severe respiratory problems with COVID-19, critically ill patients may
not even be candidates for revascularization [1,2,9]. Options for
revascularization include the following: open thrombectomy; endovas-
cular revascularization may include catheter-directed thrombolysis or
percutaneous mechanical thrombectomy. The procedure that results in
the quickest restoration of blood flow with the least risk should be
chosen.

Following intervention for ALL, based on general treatment outcomes
in patients with ALI, patients with COVID-19 should be maintained on
therapeutic anticoagulation and transitioned to oral anticoagulation
with or without an antiplatelet agent. Oral anticoagulation is required to
reduce recurrent ischemic limb events and amputation in the future
since some patients with COVID-19-related ALI develop recurrent
thrombosis after invasive interventions (e.g., thrombectomy, throm-
bolysis) that were initially technically successful [15]. This is seen in
patient four of our case study who developed thrombosis twice after the
first successful thrombectomy, each after 72hrs of the last thrombec-
tomy. Even though it was possible to salvage the limb, the functionality
of the limb was significantly compromised on post-discharge follow-up
(Table 2). Patient seven had also recurrent thrombosis at a different site
and eventually underwent amputation (Table 3) .
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Fig. 3. Contrast chest CT showing the anterior filling defect (arrow) of the same patient.

Even though data specific to postprocedural anticoagulation is
sparse, in one Italian review, 17 of 20 patients with ALI underwent
revascularization, which was successful in 12 patients. The use of
continuous postoperative heparin was associated with increased sur-
vival. Even though more data on anticoagulation for COVID-19-
associated ALI are forthcoming, the authors concluded that continuous
intravenous heparin might improve surgical treatment efficacy, limb

salvage, and overall survival [3]. As mentioned above, this is especially
important in our study where adequate anticoagulation was not ach-
ieved in the majority of the cases. Fig. 10 below summarizes the diag-
nosis and management of ALI (taken from the 2016 AHA/ACC Guideline
on the Management of Patients with Lower Extremity PAD).

Overall, the mortality rate of COVID-19 for those who require hos-
pitalization is over 20% [16]. However, among patients who develop

Fig. 4. A lower extremity CT angiogram showing a filling defect in the left proximal popliteal artery (A) and a small filling defect in the left CFA (B) of the

same patient.
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Fig. 6. Patient six Doppler U/S showing partial arterial intraluminal acute thrombosis with the hemodynamic effect of dampened arterial flow velocity from the

proximal right SFA up to peroneal and AT artery (before thrombectomy).

Fig. 7. Follow-up doppler U/S showing intramuscular cuff hematoma of the above patient three days after thrombectomy.

ALL mortality rates are as high as 50% [3,5]. In a review of 571
COVID-19 patients, the risk of death was nearly three-fold higher in
patients who had arterial thrombotic events (hazard ratio 296, 95% CI
le4-4e7) [1]. Fortunately, all patients in our study survived despite all
having severe COVID-19 infections.

The rate of major amputation (e.g., below-knee amputation, above-
knee amputation) is higher in patients with COVID-19-associated ALI
(7-35%) than ALI in non-COVID-19 patients (6 and 23%) [2,3,5]. This is
especially high in our case study with half (50%) ending up in

amputation.

We acknowledge the following limitations of the study: the limited
number of patients and the observational, descriptive nature of the study
renders the establishment of causality impossible. Asymptomatic ALI
cases may have been missed since a radiological investigation was only
performed in the presence of clinical suspicion. These limitations are
also seen in similar published studies [11,18].
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Fig. 8. Contrast chest CT showing bilateral lower lobes subpleural and peri-bronchovascular GGO and subpleural fibrosis and bilateral upper lobes cavitating
consolidation suggestive of superimposed bacterial pneumonia (patient six).

Fig. 9. Left ventricular apical area small thrombus (red arrow) of patient six. (For interpretation of the references to colour in this figure legend, the reader is referred
to the Web version of this article.)

( Diagnosis and Management
of AL

¥
Inaucble artenal
Inaudible venous
v
Category I: Category Ni:
Viable limb Irreversible
Normal motor function Complete loss of motor function
No sensory loss Complete sensory loss
Intact capilary refil Absent capilary refil
_aned—‘
Category Hib:
Immediately threatened
Slow-t0-intact capillary refil Siow-t0-absent capilary refill
Sensory loss limited to toes if present Sensory loss more than loes and with rest pain
No muscie weakness Mid or moderate muscle weakness

Salvageabdle f Salvageable if
treated promptly treated emergently

Fig. 10. Below summarizes the diagnosis and management of ALI (taken from the 2016 AHA/ACC Guideline on the Management of Patients with Lower Ex-
tremity PAD).
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5. Conclusion

There was a delay in revascularization therapy (median of 3.5 days)
resulting in poor treatment outcomes which were mainly due to imag-
ing, laboratory, equipment (e.g., Fogarty catheter), and vascular
specialist shortages.

Even young and otherwise healthy patients with COVID-19 may
develop ALI despite the use of prophylactic or therapeutic anti-
coagulation. It is also prudent to not only have a low threshold for
initiating therapeutic anticoagulation, especially in severe COVID-19
but also regularly follow coagulation profiles and check the adequacy
of anticoagulation.
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