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From cellular function to global impact: the 
vascular perspective on COVID-19

Since COVID-19 was declared a pandemic a year ago, our understanding of its 
effects on the vascular system has slowly evolved. At the cellular level, SARS-
CoV-2 — the virus that causes COVID-19 — accesses the vascular endothelium 
through the angiotensin-converting enzyme 2 (ACE-2) receptor and induces pro-
inflammatory and prothrombotic responses. At the clinical level, these pathways 
lead to thromboembolic events that affect the pulmonary, extracranial, mesenteric, 
and lower extremity vessels. At the population level, the presence of vascular risk 
factors predisposes individuals to more severe forms of COVID-19, whereas the 
absence of vascular risk factors does not spare patients with COVID-19 from 
unprecedented rates of stroke, pulmonary embolism and acute limb ischemia. 
Finally, at the community and global level, the fear of COVID-19, measures taken 
to limit the spread of SARS-CoV-2 and reallocation of limited hospital resources 
have led to delayed presentations of severe forms of ischemia, surgery cancellations 
and missed opportunities for limb salvage. The purpose of this narrative review is 
to present some of the data on COVID-19, from cellular mechanisms to clinical 
manifestations, and discuss its impact on the local and global surgical communities 
from a vascular perspective.

Depuis que la COVID-19 s’est vu donner le statut de pandémie il y a 1 an, notre con-
naissance des effets de cette maladie sur le système vasculaire a évolué. À l’échelle cel-
lulaire, le SRAS-CoV-2 — le virus qui cause la COVID-19 — accède à l’endothélium 
vasculaire par le récepteur de l’enzyme de conversion de l’angiotensine-2 (ACE-2) et 
provoque des réponses proinflammatoires et prothrombotiques. À l’échelle clinique, 
ces réponses peuvent mener à une activité thromboembolique touchant les vaisseaux 
pulmonaires, extracrâniens, mésentériques et des membres inférieurs. À l’échelle 
populationnelle, la présence chez certaines personnes de facteurs de risque vasculaires 
les prédispose à une forme plus grave de la COVID-19, mais l’absence de ces facteurs 
n’empêche pas les patients atteints de la COVID-19 de présenter des taux sans précé-
dent d’AVC, d’embolie pulmonaire et d’ischémie aiguë aux membres. Enfin, à 
l’échelle locale et mondiale, la peur entourant la COVID-19, les mesures prises pour 
en endiguer la propagation et le redéploiement des ressources limitées des hôpitaux 
ont mené au report de visites à l’hôpital pour des formes graves d’ischémie, à 
l’annulation de chirurgies et à des occasions manquées de préserver des membres. La 
présente revue non systématique a pour objectif de présenter une partie des données 
sur la COVID-19, de ses mécanismes cellulaires à ses manifestations cliniques, et de 
discuter des répercussions de la crise sur les communautés chirurgicales locales et 
mondiales, dans une optique vasculaire.

F ew have been exempt from the effects of the COVID-19 pandemic. In 
March 2020, our outpatient clinics and elective surgeries were cancelled 
almost overnight as we were told to brace ourselves for a biologic tsu-

nami. Over the ensuing few months, surgeons were forced to triage patients 
on their operating room (OR) wait lists and advocate for their sickest, while 
some were redeployed to COVID-19 wards and testing centres.

Since the arrival of presumed patient zero to North America in January 
2020,1 our evolving understanding of the implications of this virus remains 
limited. The variability in susceptibility and response of each individual cell, 
patient and community infected with SARS-CoV-2 — the virus that causes 
COVID-19 — reflects the heterogeneity in viral genetics, patients, com
munity demographics, environmental factors and access to testing and 
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health resources. In addition, our knowledge of COVID-
19 has depended on the rapid global dissemination of 
information, often without the usual rigour of scientific 
scrutiny.2,3 Case reports, case series and even cohort stud-
ies are susceptible to some imprecision in capturing the 
true incidence of complications, considering the likely 
small fraction of SARS-CoV-2 infections confirmed with 
polymerase chain reaction (PCR) testing compared with 
the true incidence in the general population.

Notwithstanding this uncertainty, the continuous 
appraisal and reappraisal of incoming data will allow us to 
better understand the changing expressions on the face of 
COVID-19. Although it has revealed diverse involvement 
of respiratory, gastrointestinal, neurologic, integumentary 
and cardiovascular systems, the association of COVID-19 
with vascular endothelium may be a common biologic 
thread that weaves this disease through different organs.4

This review presents some of the data on COVID-19, 
from cellular activity to clinical manifestations, and 
discusses its effect on the surgical and global community 
from a vascular perspective.

Covid-19 at the cellular level

COVID-19 and the alveolus

When SARS-CoV-2 enters the respiratory system 
through the nose or mouth, spike proteins found on the 
surface of the virus recognize and preferentially bind to 
angiotensin-converting enzyme 2 (ACE-2) receptors on 
type II alveolar cells. Type II alveolar cells are responsible 
for secreting surfactant and preventing alveoli from col-
lapsing.5 From there, the virus hijacks the host cell’s 
machinery to replicate and travel to adjacent cells. This 
process destroys the host cell and causes it to enter pyrop-
tosis, a highly inflammatory pathway of cell death induced 
by pathogen invasion.6

Oxygen exchange is subsequently impeded in several 
ways. First, dysfunctional type II alveolar cells result in less 
surfactant, with ensuing alveolar collapse. The immune 
response also destroys adjacent type I alveolar cells, which 
are the main site of oxygen exchange. Furthermore, the 
inflammatory cascade causes fluid buildup in the alveoli, 
which may lead to further alveolar collapse, pneumonia, 
and possible progression to acute respiratory distress 
syndrome (ARDS; see a thorough diagram analysis at 
www.azuravesta.com/covid-19-pandemic).5 Finally, the 
ensuing inflammatory cascade interacts with the coagula-
tion pathway to induce prothrombotic effects and compli-
cations such as pulmonary embolism (PE).6

COVID-19 and the ACE-2 receptor

Beyond its respiratory effects, COVID-19 both inter-
acts with additional organ systems (as evidenced by its 

gastrointestinal [GI] manifestations) and disproportion-
ately affects those with baseline multiorgan disease.7 
Closer examination of the ACE-2 receptor, the target 
entry portal for SARS-CoV-2, may help account for the 
multisystem impact of COVID-19. ACE-2 is a 
membrane-associated aminopeptidase expressed 
throughout the human body, including in the lungs, 
kidneys, brain, GI tract and cardiovascular system.8 It 
acts as a negative regulator of ACE in the renin–
angiotensin–aldosterone system (RAAS), converting 
angiotensin (Ang) II into Ang (1–7) and leading to 
downstream vasodilatory, antiapoptotic and antiprolif-
erative effects.9 By occupying the ACE-2 receptor, 
SARS-CoV-2 leads to increased levels of Ang II and 
consequently, vasoconstriction, inflammation, cell pro-
liferation and enhanced thrombosis.10,11 Researchers 
have hypothesized that conditions associated with 
chronically imbalanced ACE/ACE-2 and Ang II levels, 
such as hypertension, may exacerbate this mechanism 
and account for the increased risk of severe disease in 
comorbid patients.11 Indeed, endothelial dysfunction is 
increasingly recognized as a fundamental component of 
COVID-19 pathophysiology.4,11

COVID-19 and the vascular endothelium

SARS-CoV-2 can access the circulatory system via 
ACE-2 receptors in the vascular endothelium and trig-
ger a similar inflammatory reaction as seen in the pul-
monary system. The activated vascular endothelium 
upregulates the expression of von Willebrand factor and 
adhesion molecules. This leads to recruitment of neu-
trophils, platelets and complement to the site of activity. 
The neutrophils release neutrophil extracellular traps 
(NETs), which activate the intrinsic pathway of the 
clotting cascade. Meanwhile, complement upregulates 
the expression of tissue factor, which activates the 
extrinsic pathway. Together, the intrinsic and extrinsic 
pathways lead to unlimited thrombin generation and, 
ultimately, fibrin clot formation and thrombus propaga-
tion throughout the vasculature.6

Accordingly, it follows that patients with COVID-19 
are at increased risk for thromboembolic events. Virchow’s 
triad for venous thromboembolism (VTE) — blood stasis, 
hypercoagulability and endothelial injury — often coexists 
in patients who are most vulnerable to severe COVID-19. 
When acute illness strikes, comorbid patients may become 
bedridden for extended periods and quickly deteriorate 
into sepsis. Active inflammation and endothelial dysfunc-
tion contribute to hemostatic abnormalities characteristic 
of the underlying prothrombotic state, including elevated 
D-dimer levels and fibrin degradation products and pro-
longed prothrombin time. Finally, arterial and venous 
thromboembolic events, and even disseminated intravascu-
lar coagulopathy (DIC), may follow.12
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COVID-19 at the patient level: clinical 
manifestations

Venous thromboembolism

Cardiovascular complications among patients with severe 
COVID-19 are not only highly prevalent, but also associ-
ated with a more than 5-fold increased risk of mortal-
ity.13,14 Studies have consistently shown that VTE, and 
especially PE, accounts for the largest proportion of car-
diovascular thromboembolic events.13–16 The incidence of 
VTE among patients with COVID-19 ranges from 0% 
to 69%,17–19 according to a Swiss systematic review of 
VTE data from 1369 patients with COVID-19 across 
11 studies.19 The studies varied in size, type (observa-
tional v. experimental and prospective v. retrospective), 
use of antithrombotic therapy, method of diagnosis (use 
of systematic screening and type of imaging), definition 
of VTE (deep vein thrombosis [DVT], PE, or both), and 
severity of illness (intensive care unit [ICU] v. ward 
patients).19 These differences help account for the dis-
crepancy between the 0% VTE incidence seen in the 
16-person study by Ranucci and colleagues,17 in which 
100% of participants received intermediate dosing anti-
thrombotic therapy and none underwent VTE screening, 
and the 69% incidence in the ICU study by Llitjos and 
colleagues,18 in which full-leg ultrasonography VTE 
screening was performed twice in the first week of follow 
up. An additional 6 of the 11 studies included in the sys-
tematic review were restricted to ICU inpatients, and 
participants in all but 1 of these received pharmacological 
thromboprophylaxis (at either prophylactic, intermediate, 
or therapeutic doses). Nevertheless, VTE rates remained 
above 9% in each of these studies.19 Among the 7 studies 
that reported rates of both PE and DVT, PE was the 
more common VTE manifestation in 6 studies. Only 
1 study, with frequent full-leg screening ultrasonography, 
reported a higher rate of DVT (78% DVT v. 23% PE).18

Two autopsy case series conducted in Germany and 
Austria revealed that VTE is common in patients with 
COVID-19, even when not suspected clinically.20,21 In 
the former study, computed tomography (CT) scans 
and full autopsies were routinely performed on the 
first 12 consecutive deaths from PCR-confirmed 
COVID-19 in Hamburg, regardless of the presumed 
cause of death. This study identified massive PE, 
derived from lower extremity DVT, as the cause of 
death in 30% of patients and confirmed the presence 
of DVT in 58%.20 In the latter study, directed autop-
sies were conducted in 12 patients with COVID-19 
who were not clinically suspected of having VTE. 
Strikingly, this case series reported the presence of PE 
in 100% of patients, with clear histological evidence 
of both thrombotic and embolic occlusions in pul
monary arteries of various sizes.21

To illustrate the elevated thrombotic risk in patients 
with COVID-19, 2 studies examined VTE rates in 
patients with COVID-19 compared with non-COVID-19 
counterparts.15,22 The first compared a cohort of 
107 patients with COVID-19 admitted to the ICU with 
pneumonia to a historical control of 196 non-COVID-19 
patients who were admitted with pneumonia during the 
same period 1 year prior. The study found a significantly 
higher frequency of PE in patients with COVID-19 than 
in the historical controls (20.6% v. 6.1%), which remained 
consistent when comparing the patients with COVID-19 
to a subcohort of patients with influenza pneumonia of 
similar disease severity (20.6% v. 7.5%).22 The second 
study compared a cohort of 150 patients with COVID-19 
admitted to the ICU with ARDS to a historical control of 
233 non-COVID-19 bacterial/viral ARDS patients. Simi-
larly, the study found that the patients with COVID-19 
ARDS had significantly more thrombotic complications 
(11.7% v. 4.8%), specifically more PEs (11.7% v. 2.1%), 
than their matched non-COVID-19 counterparts.15

Disseminated intravascular coagulopathy in 
COVID-19

DIC describes a system of dysfunctional coagulation and 
fibrinolysis that can lead to overt thrombosis and/or hem-
orrhage. DIC is both a clinical and laboratory diagnosis 
that requires a high index of suspicion in the appropriate 
clinical setting.23 The International Society on Thrombo-
sis and Hemostasis (ISTH) scoring system, which allots 
points based on abnormalities in platelet count, fibrinogen 
level, prothrombin time and D-dimer, can be used to 
identify such patients, with scores of 5 or higher being 
compatible with overt DIC (Table 1).24

Table 1. ISTH scoring system for DIC

Parameter Score*

Platelet count

    ≥ 100 000 0

    50 000–99 999 1

    ≤ 50 000 2

Fibrinogen level 

    ≥ 1 g/L 0

    < 1 g/L 1

Prothrombin time prolongation above ULN, s 

    < 3 0

    3–6 1

    > 6 2

D-dimer

    < 2 × ULN 0

    2–4 × ULN 2

    > 4 × ULN 3

DIC = disseminated intravascular coagulopathy; ISTH = International Society on 
Thrombosis and Hemostasis; ULN = upper limit of normal.

*Scores ≥ 5 points are compatible with overt DIC.
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Considering the prothrombotic nature of COVID-19, 
practitioners have suspected an association between SARS-
CoV-2 and DIC and considered how this might affect a 
patient’s prognosis. Indeed, a study on coagulation param-
eters conducted in 183 COVID-19 inpatients with pneu-
monia revealed that mortality in this cohort was associated 
with higher D-dimer and fibrin degradation product levels 
as well as prolonged prothrombin time (PT) and activated 
partial thromboplastin time (aPTT). Furthermore, non-
survivors met criteria for DIC more frequently than survi-
vors (71.4% v. 0.6%).25 This study suggested that the 
development of DIC in patients with COVID-19 may be a 
predictor of adverse outcomes. However, as noted in a 
recent review on COVID-19 and thromboembolic disease, 
these findings were inconsistent.12 Mild thrombocytopenia 
and elevated D-dimer levels were fairly common among 
patients with COVID-19 and were occasionally associated 
with adverse events such as ICU admission and death, but 
the comparison of coagulation parameters across 11 studies 
in patients with COVID-19 did not reveal a consistent 
association between individual laboratory abnormalities 
(such as aPTT, PT, and international normalized ratio) 
and severity of illness.12

Prophylaxis and treatment of VTE and DIC

Study variability and rapidly emerging guidelines have 
generated uncertainty for clinicians trying to follow 
treatment recommendations. The aforementioned clin
ical review,12 published in the Journal of the American Col-
lege of Cardiology in June 2020, was a collaborative effort 
endorsed by multiple thrombosis, vascular and cardiol-
ogy societies, including the International Society on 
Thrombosis and Haemostasis, North American Throm-

bosis Forum, European Society of Vascular Medicine, 
International Union of Angiology and European Society 
of Cardiology Working Group on Pulmonary Circula-
tion and Right Ventricular Function. Based on a thor-
ough literature review and Delphi exercise, a set of con-
sensus guidelines on the prophylaxis and treatment of 
VTE in patients with COVID-19 was developed.12 
Beyond the usual VTE prophylaxis, the authors felt the 
data were insufficient to recommend intermediate or 
therapeutic anticoagulation in patients with mild, mod-
erate or severe infections without thrombotic complica-
tions. There was also insufficient evidence to support 
routine screening for VTE in this population, except to 
inform the need for antithrombotic prophylaxis after dis-
charge in patients with moderate to severe COVID-19 
and suspected or confirmed DIC (Table 2).12

For patients with COVID-19 who present with VTE 
or an acute coronary syndrome (ACS), the authors rec-
ommended anticoagulation and guideline-directed med-
ical therapy as per the ACS algorithm, respectively. The 
decision to proceed with more invasive treatments, such 
as catheter-directed therapy, angiography and percuta-
neous coronary intervention, or surgery, should involve 
careful consideration of the COVID-19 risk facing the 
patient and health care team balanced with the risk 
posed by the suspected or confirmed VTE/ACS. In 
high-risk COVID-19 patients, health care providers 
should consider systemic fibrinolysis as an alternative to 
more invasive therapies if warranted.12

Cardiac events in COVID-19

COVID-19 is associated with cardiac injury, but not 
exclusively through prothrombotic pathways. In a retro-

Table 2. Highlights from the Consensus Recommendation on Antithrombotic Therapy for prophylaxis in patients with mild to 
severe COVID-19 with and without DIC7

COVID-19 severity Recommendations

Mild COVID-19 (outpatient) •	 Encourage ambulation
•	 Consider DVTp if increased VTE risk and minimal bleeding risk
•	 Continue antithrombotic agents if already prescribed for prior known thrombotic disease

Moderate to severe COVID-19 without DIC 
(hospitalized)

•	 DVTp should be administered to prevent VTE
•	 Consider intermittent pneumatic compressions if anti-thrombotics contraindicated
•	 Insufficient data to support therapeutic or intermediate-dose anticoagulation or routine screening for 

VTE

Moderate to severe COVID-19 and suspected or 
confirmed DIC and no overt bleeding (hospital-
ized)

•	 DVTp should be administered
•	 Insufficient data to support therapeutic or intermediate-dose anticoagulation
•	 If on chronic therapeutic anticoagulation, reduce intensity of anticoagulation unless very high risk of 

thrombosis
•	 If indication for DAPT, continue DAPT if plt > 50 000; reduce to MAPT if plt 25 000–50 000; discontinue 

if plt < 25 000 (however must individualize decision)
•	 If inpatient with COVID-19 now being discharged, routine VTE screening is reasonable to guide need for 

DVTp for up to 45 days postdischarge; consider DVTp if high risk for thrombotic events
•	 Encourage ambulation

DAPT = dual antiplatelet therapy; DIC = disseminated intravascular coagulopathy; DVTp = deep vein thrombosis prophylaxis; MAPT = mono antiplatelet therapy; plt = platelets; VTE = 
venous thromboembolism.
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spective cohort study of 416 patients admitted to hospi-
tal with COVID-19, cardiac injury — defined as a tro-
ponin elevation above the 99th percentile with or 
without ECG or echocardiographic changes — 
occurred in 19.7% of patients during their hospital stay. 
Notably, not only was cardiac injury a predictor of in-
hospital mortality (hazard ratio [HR] 4.25), but it was 
also associated with a myriad of complications, includ-
ing ARDS, acute kidney injury, electrolyte disturbances 
and coagulation disorders.26 Recently, Hendren and col-
leagues27 postulated a spectrum of mechanisms to 
account for the exceedingly high rates of cardiac injury 
associated with COVID-19.27 Most of these cardiac 
injuries occurred in the absence of coronary artery 
thrombosis and were in fact attributed to myocarditis, 
cytokine dysregulation, stress cardiomyopathy, arrhyth-
mias (made worse in the setting of hypoxia) and heart 
failure (often related to PE). The mechanisms of injury 
are not fully understood, but may be related to ACE-
2-mediated direct damage, hypoxia-induced injury, 
microvascular damage (related to angiospasm, vessel 
hyperpermeability and dysfunctional coagulation) and 
the systemic inflammatory response.27

Peripheral arterial thromboembolism and COVID-19

Although arterial complications are less frequently 
reported with COVID-19 than venous complications,13–16 
the peripheral arterial system has been targeted by SARS-
CoV-2 infection. In a cohort study of 1419 inpatients 
with COVID-19 in Spain, only 14 patients (1%) devel-
oped systemic arterial thrombotic events, but the mortal-
ity rate among those with an arterial event was 28.6%.28 
Arterial thromboembolic disease is not only highly deadly 
in patients with COVID-19, but also less predictable than 
the usual atherosclerotic variety. These features are espe-
cially pronounced among COVID-19 patients with isch-
emic strokes.29 Ischemic stroke among inpatients with 
COVID-19 has an incidence of 0.05%–5.7%,14,28,30 affect-
ing young patients as well as old, with and without typical 
risk factors.29,31 In a recent case series of 5 patients with 
COVID-19 who presented with stroke over a 2-week 
period, all were younger than 50 years, had few to no 
atherosclerotic risk factors, and their National Institutes 
of Health Stroke Scale scores were consistent with severe 
strokes (mean score 17). In contrast, over the previous 
12 months, an average of only 0.73 patients younger than 
50 years presented with large-vessel stroke over any given 
2-week period.32 A subsequent retrospective study of 
20 COVID-19 patients with acute ischemic stroke as 
their presenting symptom found that large vessel occlu-
sion was present in 75%. Among those with large vessel 
occlusions, most were age 50 or younger, and 60% had 
no typical cardiovascular risk factors.31 Finally, a system-
atic review examining stroke risk, characteristics and out-

comes in patients with COVID-19 corroborated the 
aforementioned findings: among 160 patients admitted 
with stroke and COVID-19, the median age was 65 years, 
with 29 patients (18%) younger than 50 years. Among 
younger patients with ischemic stroke, 50% had no pre-
ceding symptoms of COVID-19, 69% had large vessel 
occlusions, and 50% either died or remained hospitalized 
by the end of the study.29 Strokes associated with 
COVID-19 are a unique variety, with their poor predict-
ability and adverse outcomes likely stemming from the 
hypercoagulable and proinflammatory state that is inher-
ent to the virus.

Information about thromboembolic disease in the 
aorta, visceral vessels and lower extremity arteries of 
patients with COVID-19 is slowly emerging, but remains 
largely limited to case reports and small case series.33–37 
Many of these reports document cases of acute limb isch-
emia (ALI) in patients with COVID-19 with no history of 
peripheral arterial disease (PAD).33–35 In 1 report, a 
marked spike in D-dimer levels — which led to same-day 
initiation of intermediate enoxaparin therapy — was the 
sole warning sign for an extensive below-knee arterial 
thrombosis that developed 1 day later.33 The systemic 
inflammatory cytokine storm and coagulation abnormal
ities associated with COVID-19 were proposed as likely 
predisposing these otherwise low-risk individuals to 
ALI.34,35 Pathology was supportive, demonstrating a com-
bination of occlusive thrombosis, endothelial proliferation 
and highly inflammatory infiltration in 1 series.35 Unfor-
tunately, these changes can affect the entire arterial tree, 
as evidenced by a 56-year-old patient with COVID-19 
who presented initially with an acute ischemic stroke and 
subsequently developed free floating aortic thrombus, 
superior mesenteric artery (SMA) occlusion and associated 
bowel ischemia necessitating endovascular thrombectomy 
and an extensive bowel resection.36

In 2 of the COVID-19 epicentres — Lombardy, Italy 
and New York, USA — small studies reported on ALI 
during the pandemic.38,39 The Italian study identified 
20 COVID-19 patients with ALI and noted a significant 
increase in the overall cumulative incidence of ALI during 
the pandemic compared with the same time period the 
previous year (23 of 141 vascular emergencies v. 3 of 163). 
Among COVID-19 patients with ALI who underwent an 
attempt at revascularization (17 of 20), success — defined 
as the absence of 30-day reocclusion, 24-hour persistent 
foot ischemia and 24-hour major amputation or death — 
was lower than expected (70.6%), and mortality was 
40%.38 In the New York study, 10 patients with COVID-
19 and ALI had even worse outcomes, with a 50% success 
rate among those who underwent revascularization and a 
40% overall 30-day mortality.39 While each of these stud-
ies has helped advance our understanding of the relation-
ship between COVID-19, the arterial system and patient 
outcomes, there is still much to improve upon. 
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Fortunately, collaborative initiatives to examine the effects 
of COVID-19 on aortic dissection and to quantify the 
impact of vascular surgical care delays due to the pan-
demic, are currently underway.40,41

COVID chilblains (“COVID toes”)

There have been several media reports of patients with 
COVID-19 presenting with purpuric lesions to the toes, 
resembling chilblains or pernio.42,43 Chilblains is a known 
inflammatory condition characterized by cold-induced 
skin changes in predisposed individuals. The etiology may 
be idiopathic or associated with systemic disease, includ-
ing autoimmune disorders, genetic mutations, hemato-
logic malignancy and infection (e.g., Epstein–Barr virus). 
The first case of chilblains associated with COVID-19 was 
reported in a 13 year-old in Italy in March 2020. Over the 
following months, additional reports of similar presenta-
tions amassed, leading to the formation of COVID-19 
registries of skin manifestations by dermatology and 
podiatry groups.44 In the context of COVID-19, the 
mechanism of chilblains is not yet entirely understood, 
but the phenomenon seems to be more common in 
younger individuals with milder infection. In some cases 
patients actually test negative for the virus, which may 
reflect low viral loads or an alternate etiology entirely.45 
Histopathology from skin biopsies of the feet and toes 
reveals a combination of lymphocytic vasculitis and 
inflammation, thrombosis, and endothelial damage, as 
well as SARS-CoV-2 viral particles within the endothelial 
cells.46 To date, there are no reports of macrovascular 
ischemic injury leading to this presentation in patients 
with COVID-19. Current management of “COVID toes” 
is generally expectant, with most resolving after a few 
weeks. Some clinicians have considered the role of anti-
thrombotics or calcium channel blockers, but there is 
minimal evidence to support their use at this time.47

COVID-19 at the community level: impact on 
vascular patients and practitioners

Vascular patients with COVID-19

While large-scale epidemiological studies on patients 
with COVID-19 rarely examine the prevalence of PAD 
in this population, they frequently assess the prevalence 
of PAD risk factors. An early study of 1100 patients with 
COVID-19 in China illustrated that patients with a his-
tory of smoking, diabetes, hypertension, chronic 
obstructive pulmonary disease and coronary artery dis-
ease tended to have more severe COVID-19 and worse 
outcomes.7 Likewise, a large study from China’s Infec-
tious Disease Information System followed more than 
72 000 patients with confirmed or suspected COVID-19 

and found that hypertension, dyslipidemia and cardiovas-
cular disease were more common in those who died from 
COVID-19 than in the overall cohort of confirmed 
cases.48 From these data, it can be inferred that vascular 
patients with COVID-19, who have an exceptionally 
high prevalence of these risk factors, are among those 
with the highest risk for severe disease and associated 
adverse events.

Vascular patients without COVID-19

Even when vascular patients do not have COVID-19, it 
often affects them. Amidst lockdowns, closure of outpa-
tient activities, fear of contracting SARS-CoV-2 from 
the hospital and limited access to the OR, vascular 
patients have experienced delays in the assessment and 
management of their often time-sensitive conditions.49 
Although triaging will always occur on an individual 
patient basis in relation to hospital resources, decision 
algorithms and priority classifications require further 
exploration. For some conditions, there are sufficient data 
to guide treatment within specific timeframes to prevent 
worse outcomes; e.g., ALI (within hours) or a transient 
ischemic attack from severe carotid stenosis (14 d).50,51 
However, for conditions such as chronic limb threaten-
ing ischemia (CLTI) or abdominal aortic aneurysms 
(AAAs), the impact of delayed care is more difficult to 
define. In 1 Italian institution, vascular surgeons 
observed that the number of amputations performed in 
patients with PAD in March–April 2020 was nearly 50% 
higher than in the same time period the previous year.49 
Similarly, at a hospital in Beijing, fewer PAD surgeries 
were performed, severity of presenting ischemia was 
worse, and perioperative complications were higher in 
January–March 2020 than in the same time period a year 
prior.52 These studies suggest that the impact of 
COVID-19 on the health care system may be leading to 
worse outcomes for patients with PAD, whose chances 
for limb salvage decrease as their disease progresses. 
Monitoring outpatients during the pandemic is challeng-
ing; however, vascular surgeons must remain particularly 
vigilant in their follow up and find innovative ways to 
accurately assess, triage and advocate for their patients.

The Ottawa Experience

The Ottawa Hospital (TOH) Civic Campus is the only 
centre providing vascular surgery to the 1.3 million resi-
dents living in the Ottawa and broader Champlain Local 
Health Integration Network. When the pandemic was 
declared in March 2020, our institution responded to 
the pressure on resources similarly to other hospitals 
worldwide. Vascular outpatient clinics and academic 
activities became virtual, except for a single weekly in-
person urgent care clinic. Elective OR time substantially 
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decreased, and cases were triaged. Vascular staff were 
reduced to the minimum number required in hospital, 
and all extraneous team members were sent home after 
morning rounds (both to facilitate physical distancing 
and to preserve the health of the team in case staff or 
residents were redeployed or became ill).

From March to August 2020, only 243 of 398 elect
ive vascular surgeries were performed, leaving a backlog 
of 155 cases. However, this number substantially 
underestimates the true backlog of elective surgeries, 
since only urgent cases — such as CLTI, large AAAs, 
and symptomatic carotid stenosis — were permitted to 
fill the elective time. Similarly, it is challenging to accu-
rately assess differences between the number of emer-
gent surgeries during March–August 2020 (221) com-
pared with the same time period the previous year 
(250). Since the pandemic was declared, surgical trends 
primarily reflected logistical limitations on the OR 
rather than reluctance to attempt limb salvage due to 
delayed and advanced presentations of ischemia: com-
mon revascularization procedures slowed when OR 
restrictions were at their peak in May and steadily 
increased as ORs reopened at the beginning of the 
summer (Figure 1). Major and minor amputations fol-
lowed a similar trend. The slower resumption of endo-
vascular procedures (angioplasty and stenting) in the 
OR attests to our collaborative efforts with interven-
tional radiology (IR), which enabled endovascular pro-
cedures to continue in the IR suite in an expedited fash-
ion and often in an outpatient capacity rather than 
using inpatient beds and limited OR resources.

Our centre did not experience much difference in 
the number of infrainguinal bypasses or major (i.e., 
above ankle) amputations in April–August 2020 com-
pared with the same period the previous year (68 v. 
60 infrainguinal bypasses; 31 v. 36 major amputa-
tions). Our centre’s ability to successfully manage 
urgent limb salvage procedures during the pandemic 
reflects multiple factors. First, elective OR time was 
triaged on a departmental level against the caseloads 
of other surgical specialties and, because of the 
urgency of many vascular procedures, vascular surgery 
was often allotted proportionally more OR time than 
other subspecialties. Second, the division of vascular 
surgery already functioned as a group practice before 
the pandemic, allowing for triaging and pooling of 
cases performed on the basis of urgency and surgeon 
availability on a week-to-week basis. Finally, our cen-
tre was fortunate not to experience as overwhelming 
an influx of patients with COVID-19 as initially 
anticipated: from Mar. 1 to Oct. 31, 2020, TOH Civic 
Campus admitted a total of 69 patients with confirmed 
COVID-19. Nonetheless, the negative effect of delays 
as a result of the OR shutdowns during the pandemic 
remains to be determined as the backlog of elective 
cases is addressed.

COVID-19 at the global level: the vascular 
reaction and future directions

Globally, vascular surgeons have taken similar measures 
to prepare for the COVID-19 surge and manage limited 

Figure 1. Trends in infrainguinal limb salvage procedures from March to August, 2020, at The Ottawa Hospital Civic Campus. Fem-
fem = femorofemoral; fem-pop = femoral politeal; tib = femoral–tibial. 
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health care resources. In March 2020, Chris Imray, 
President of the Vascular Society for Great Britain and 
Ireland, issued a set of recommendations to help vascu-
lar surgeons navigate these difficult decisions.53 General 
principles included reducing unnecessary exposure to 
hospitals, deferring less urgent or elective cases and pro-
ceeding with urgent ones, shifting to virtual platforms 
where possible, and considering resource usage when 
selecting course of treatment (e.g., consider endovascu-
lar rather than open approach if it may prevent an ICU 
stay). Vascular surgeons in Singapore shared their 
experience with the pandemic to date, reporting many 
of the tactics mentioned above, as well as suspended 
overseas travel and conference leave, strict use of masks 
and physical distancing, initiation of a delivery service 
for chronic medications, and use of local/regional anes-
thesia to limit ventilator use and aerosolization.54

We cannot yet appreciate the full impact of 
COVID-19, nor our efforts to defend against it. Many 
patients remain on surgical waiting lists owing to the 
lockdowns during the first and second waves, and the 
various pandemic waves will likely have ripple effects 
for months, and possibly years, to come. While it can 
be difficult to stay appraised of the rapidly evolving 
information, the variability in the literature will help 
us understand nuances in the way that COVID-19 
affects different patients and populations. As a spe-
cialty, vascular surgeons have evolved during the pan-
demic as well, pivoting to virtual clinic platforms, 
piloting COVID-19 vascular initiatives (e.g., dedicated 
line service55), and gaining a better appreciation of the 
impact of delayed care on our patient population. 
COVID-19 has profound effects on the vascular sys-
tem, patients, practitioners and global community; the 
more we understand, the better we can respond at each 
of these levels.
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