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Background: Recent spread of severe acute respiratory coronavirus syndrome-2 (SARS-CoV-2) has led to
the coronavirus disease (COVID-19) pandemic, resulting in new challenges across all medical specialties.
Limb and digit ischemia have been associated with COVID-19 infection. This systematic review includes
primary studies of COVID-19 limb ischemia to identify risk factors, comorbidities, case characteristics,
and treatment strategies to better understand the nature of this disease and its effects on the extremities.
Methods: A literature search for studies detailing COVID-19 infected patients with limb or digit ischemia
was performed, identifying 157 articles, 12 of which met inclusion criteria, accounting for 47 patients.
Inclusion criteria were (1) primary studies, (2) positive disease diagnosis (3) limb ischemia, (4) reported
treatment. Demographic data, case characteristics, treatments, outcomes and mortality were collected
and pooled.
Results: The average patient age was 67.6 years, predominantly male (79.6%). Of the 44 cases discussing
treatment, 13 (30%) patients underwent medical treatment alone, while 23 (52.3%) patients underwent
medical plus surgical treatment. Four patients (9.1%) were treated with observation. In 10 of the 12
studies, lab findings, thrombosis, or conclusions supporting a hypercoagulable state as a cause of limb/
digit ischemia were cited. Five patients (10.6%) were on vasopressors and 8 patients (17.0%) were on a
ventilator. Of those treated with observation alone, there was 100% resolution of symptoms. Of those
treated medically without surgical intervention (17 patients), 6 patients (35.3%) were reported to have
revascularization, 6 patients (35.3%) died, and the remaining outcomes were not reported. Medical and
surgical treatment resulted in one limb amputation (4.4%) and altogether 74% of patients achieved
revascularization of the affected limb/digit. Mortality rate was 45%.
Conclusions: COVID-19 infection may be associated with increased risk of limb or digital ischemia,
although the quality of evidence supporting this theory is limited. Evidence of inflammatory-mediated
thrombosis and endothelial injury are possible explanations which would support the use of immuno-
therapy in addition to anticoagulation for treatment or prevention of thromboembolic events. Current
outcomes and treatment strategies are variable.
Level of evidence: V.

© 2020 Delhi Orthopedic Association. All rights reserved.

1. Introduction

Coronavirus disease 2019 (COVID-19) is a respiratory illness
caused by severe acute respiratory coronavirus syndrome-2 (SARS-
CoV-2). Though known to primarily affect the respiratory system, it
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has also been associated with widespread systemic effects to
include complications in the cardiovascular, hematologic, neuro-
logic, immunologic and renal systems.! Through its rapid trans-
mission world-wide and potentially life and limb threatening
complications, COVID-19 has become a global pandemic that has
implications through a wide range of medical and surgical spe-
cialties due to its association with multi-organ failure. This illness is
of particular interest to orthopaedic surgeons due to studies sug-
gesting COVID-19’s association with a hypercoagulable state and
injury to endothelium through the ACE2 receptor’ which is
thought to play a major role in acute limb ischemia.
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With the rise of clinical cases of patients infected with the novel
coronavirus pneumonia since December 2019, there has been a
plethora of studies describing the wide-ranging impacts of the
disease including several reports of acute limb ischemia that
involve orthopaedic or vascular surgery consultation.* '° Through
systemic inflammation and a hypercoagulable state, there seems to
be a spectrum of clinical manifestations of limb injury ranging from
chilblains and bullae to acute limb-threatening ischemia. Other
clinical findings include acral cyanosis, bruising, blood blisters, and
dry gangrene.® Symptoms can be cutaneous, subcutaneous, or
involve the entirety of a digit or a distal limb. Outcomes suggest
that some patients are able to achieve revascularization of the
affected limb or digit with observation or medical and/or surgical
intervention, but other patients succumb to either amputation or
death due to the disease.

The aim of this review is to analyze the extent of published acute
limb ischemia cases in COVID-19 patients as well as established
treatment options, outcomes, and mortality. By calculating overall
mortality and reviewing severity of illness with respect to treat-
ment modalities and outcomes, this review may better inform
healthcare providers in COVID-19 positive patients with limb
ischemia. As the pandemic continues to spread and cases rise
worldwide, this review may better inform orthopaedic surgeons
who are requested in consultation with such cases as well as other
treating providers so they may gain a deeper understanding of the
effects of SARS-CoV-2 and better counsel and treat patients
entrusted to their care.

2. Materials and methods
2.1. Literature review

This study was performed following the PRISMA guidelines
without external funding or a previously registered protocol. A
literature search of the PubMed, Clinical Key, and Cochrane Library
was performed with the following search terms and Boolean op-
erators: “COVID” OR “SARS-CoV-2" AND “Ischemia” with filters for
English Language, full length articles, and human subjects resulting
in 157 unique results. Two independent reviewers (RP, MB)
assessed the titles and abstracts separately for relevancy. In the
event of a disagreement, author DC was the arbiter. Abstracts that
suggested inclusion in this review were saved for full manuscript
review. Articles meeting inclusion criteria were included for full
analysis. The GRADE (Grading of Recommendations Assessment,
Development and Evaluation Working Group) criteria are a quality
assessment template used to evaluate the quality of methods in
study analysis.!! Using this template, the quality of the selected
studies was then reviewed.

2.2. Eligibility

Inclusion criteria were (1) primary studies, (2) patients diag-
nosed with SARS-CoV-2, (3) patients with limb ischemia, and (4)
reported treatment. Exclusion criteria were (1) review articles, (2)
lack of SARS-CoV-2 positivity. Primary outcomes were treatment
strategy (i.e. medical management) and outcome of extremity (i.e.
revascularization/resolution of ischemia, amputation). Secondary
outcome was mortality.

2.3. Data extraction and analysis

Qualified studies that met criteria were examined, and the 2
reviewers extracted all relevant data including study sample size,
sex, mean age, average follow up, intervention, and outcomes.

Demographic data, primary outcome measures, and secondary
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outcome measures from comparable studies were pooled for all
patients. Rates and ratios were converted to percentages when
applicable for comparison. Demographic variables, significant lab-
oratory values, treatment modality, outcomes and duration of
follow up were pooled and weighted averages were obtained when
possible. Mortality and overall study conclusions were similarly
recorded.

3. Results
3.1. Included literature and patient demographics

Our literature search identified 12 articles containing 47 pa-
tients that met both inclusion and exclusion criteria (Fig. 1, Table 1).
Eleven out of 12 studies were either case reports or case series. The
remaining article was a prospective cohort study.* Regarding
country of origin, four studies were published in Italy, two studies
in the United States, and one each in China, France, Portugal,
Singapore, Greece, and Spain. Of the 47 patients, 44 were identified
as either male or female, with most patients being male (80%).
Patient age was reported in 43 patients, with mean age 67.6 years.
Treatments were categorized as either medical, medical and sur-
gical, or observation. Given the broad array of treatments rendered,
any further subcategorization was deferred. In three cases out of
the observational cohort study by Bellosta et al., no treatment was
discussed as their conditions were too moribund to undergo
operative intervention, although no mention was given to alter-
native medical treatment modalities.* Of the remaining 44 cases, 13
(30%) cases underwent medical treatment alone, while 23 (52%)
underwent medical plus surgical treatment. Four patients (9%)
were treated with observation.*'>12-16 Medical treatment for limb
ischemia included anticoagulation, thrombolytics, supplemental
oxygen, topical nitrates, thermal warming, and immunotherapy, in
addition to systemic treatment for additional COVID-19 symptoms.
Surgical treatment for limb ischemia included endoscopic versus
open thrombectomy, arterial bypass, stenting, angioplasty, endar-
terectomy, and amputation.

3.2. Outcomes

In 10 out of the 12 studies, lab findings, thrombosis, or conclu-
sions supporting a hypercoagulable state as a cause of limb/digit
ischemia were cited. Five patients (10.6%) were noted to be on va-
sopressors of the 47 diagnosed with acute limb ischemia, while 8
patients (17%) were noted to be on a ventilator (Table 2). Of those
treated with observation alone, there was 100% resolution of
symptoms (Table 3). Of those treated medically without surgical
intervention (17 patients), 6 patients were reported to have
revascularization. Another 6 patients died, and the remaining 5
patients’ outcomes were not reported. Medical and surgical treat-
ment resulted in one amputation (4%) of the affected limb, 74% of
patients achieved revascularization of the affected limb/digit, and
the remaining 2 patients in the category had outcomes not re-
ported. In those patients too moribund to undergo surgical treat-
ment (3), all died. In 8 studies that reported patient comorbidities,
11 out of 27 patients (41%) died. In total, mortality was discussed in
40 of the 47 patients, with a rate of 45%. Of note, immunotherapy
was discussed in 10 patients included in this systematic review. In
one case series of 7 patients, 5 died, and of the remaining 2, one
patient’s ischemic symptoms improved while in the other ischemic
symptoms worsened.’® In another series of 2 patients, in one patient
limb ischemia symptoms were noted to be completely resolved
14 h after treatment with thrombolysis and administration of
tocilizumab. The other patient whose treatment included immu-
notherapy had digital ischemia noted to be stable, although he
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Systematic Review of the Literature PRISMA Flow Diagram

Search preformed in PubMed, Clinical
Key, Cochrane databases with phrase
“(“COVID” OR “SARS-CoV-2") AND
(ischemia)”

157 Unique

Results

97 Excluded by Title

Evaluated with
Inclusion/Exclusion

60 Articles

Criteria

48 Excluded after
Abstract & Full Text
Review

12 Articles Included
in Systematic

Review

Fig. 1. PRISMA flow diagram indicating search method and article attrition during systematic review process.

Table 1
Demographics.
Author, Year Journal Study Design (Level of Sample Size Gender Mean Age Treatment Mean Follow Up  Country
Evidence) (n) (M/F) (y) (days)

Zhang 2020° Chinese ] Hematol Case series (IV) 7 4M/3 F 59 7 - Medical 26 China

Andrea 2020°  Int J Infect Dis Case report (IV) 1 M 58 Medical, surgical 2 Italy

Balestri 2020'" ] Eur Acad Dermatol Case report (IV) 1 F 74 Observation 6 Italy
Venereol

Bellosta 2020° ] Vasc Surg Prospective cohort study 20 18M/2F 75 Surgical —17; NR - 3 NR Italy

(1) (moribund)
Kashi 2020'>  Thrombosis Res Case series (IV) 7 5 M/2F 67 2- Medical, surgical; 5 NR France
medical

Calvao 2020" ] Eur Acad Dermatol Case report (IV) 1 M 81 Medical died Portugal
Venereol

Fan 2020° J Thrombo Thromboly ~ Case report (IV) 1 M 39 Medical, Surgical NR Singapore

Suarez-Valle J Eur Acad Dermatol Case series (IV) NR NR Observation 14 Spain

2020 Venereol
Schultz 2020* ] Hand Surgery Case series (IV) 2 1F, 1M 70, 43 Medical A-5; B-14 USA
Perini 2020° Lancet Case series (IV) 2 2M 53,37 Medical-1; 2 Italy
Medical + Surgical- 1
Papamichalis Int | Infect Dis Case report (IV) 1 M 68 Medical 45 Greece
20207

Kaur 2020"° Hematol Oncol Stem Cell Case report (IV) 1 M 71 Medical, Surgical NR USA

Ther

NR = Not reported.

ultimately died following a prolonged hospital course including
septic shock and severe acute respiratory distress syndrome.®
Lastly, one patient in a case report showed improvement of digi-
tal ischemia with treatment including immunotherapy, high-dose
heparin, antivirals, and antibiotics.”

4. Discussion

Limb ischemia in SARS-CoV-2 positive patients presents a novel
challenge to practitioners involved in the care of extremity injuries.
This review supports the concept that infection with the SARS-CoV-
2 virus may lead to a hyper-inflammatory and hypercoagulable
states that may result in varying types of ischemic events involving
the digits and limbs. Additionally, most cases of limb ischemia in

SARS-CoV-2 positive patients presented along with elevated in-
flammatory markers and predominantly in older patients. Pre-
senting symptoms were heterogeneous, as were treatment and
outcomes. The level of evidence remains “very low” when consid-
ering the GRADE method at this time, which is likely largely in part
to the novelty of this disease and the unfolding research being done
during this pandemic. As a result, we cannot draw conclusions of
causation regarding ischemic events at this time.

Our primary outcomes demonstrated that treatment strategies
and outcomes of the affected extremity varied widely across the
reported cases, ranging from observation with resolution to open
thrombectomy with recurrence and/or amputation. This is likely
attributable to presenting location/etiology of ischemia and the
degree to which symptoms developed. The most common medical
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Table 2
Case details.
Author, Year Involved Ventilator Comorbidities Pertinent lab Treatment Outcome, extremity Mortality Key Points
limb/digit or pressor findings
treatment
Zhang 2020° Upper and NR NR Elevated d-dimer- 7; 7 - Medical 5 - Death; 2- NR 5 patients Hypercoagulation status
lower fibrinogen - 6; FDP - died out of 7. should be monitored
extremity 6; PT prolongation - Median time closely. In all patients, D-
digits 4 from acro- dimer increased to more

ischemia to  than 20x normal.
death 12 days

Andrea 2020° Right Ventilator HTN Elevated d-dimer, = Medical, Return of pulses of R foot Recovered Central thrombus in aorta
lower fibrinogen, and 11-6  surgical that peripherally
limb embolized
Balestri Left upper No Chronic venous leg ulcers, NR Observation Resolution Recovered Asymptomatic COVID-19
2020 extremity atrial fibrillation, patient with ischemia
digit congestive heart failure suggests delayed immune

response to virus. Onset of
symptoms greater than 20
days after follow on
negative testing

Bellosta Bilateral No Atrial fibrillation - 5; Mean PO2 66% 17- Revascularization 8 died (mean Use of post-operative
2020° upper and ventilator, previous vascular surgery Medical, successful in 12/17 age 81) heparin infusion associated
lower NR - 4; hypertension —11; surgical; 3- surgical patients; 2/15 with survival (p 0.042).
extremity pressors diabetes mellitus - 3; NR required reintervention Revascularization success
limbs chronic obstructive (moribund) due to recurrent rate lower than expected,
pulmonary disease - 2; thrombotic occlusion; possibly due to virus-
coronary artery disease - major amputation in one related hypercoagulable
2 patient. state
Kashi 2020'? Bilateral 3 on Diabetes mellitus —2; NR 2- Medical, NR NR Severe thrombosis
lower pressor hypertension —6; surgical; 5- associated with COVID-19
extremity and stroke —1 medical
limbs ventilator
Calvao Bilateral NR NR Elevated CRP, Medical Death Died 17 days Ischemic acral lesions may
2020 upper and procalcitonin, after predict poor prognosis as
lower leukocytosis, d- developing opposed to chilblain
extremity dimer; biopsy cutaneous lesions mostly seen in
limbs and consistent with lesions young and asymptomatic/
digits small vessel mild patients.

vasculitis, partial
thickness dermal

necrosis
Fan 2020° Right No None Prolonged PT and Medical, Revascularization of foot No Acute ischemic limb due to
lower aPTT; elevated CRP, Surgical hypercoagulable state
extremity D-dimer, fibrinogen,
limb factors II, V, VIII, IX,
and von Willebrand
Antigen
Suarez-Valle Bilateral No NR Elevated D-dimer - 3 Observation Full recovery of all No Spectrum of ischemic
20204 lower and fibrinogen - 2 lesions lesions ranging from mild,
extremity self-limiting to severe and
digits limb threatening
Schultz 2020* A - Right A- A- Chronic hepatitis C; B- A- elevated CRP, PT, Medical A- Stable ischemia; B-  A-yes; B-no  Anticoagulation can be
upper ventilator, obesity, hypertension, INR, PTT, D-dimer, eschar formation of effective; supports
extremity pressor; B hyperlipidemia fibrinogen; B- thumb and index finger, hypothesis that COVID-19
digit; B ventilator, elevated D-dimer recovery of flow to long can cause hypercoagulable
-Right pressor and fibrinogen finger and small finger state
upper
extremity
digits
Perini 2020° A - 1 on None Elevated D-dimer  1- Medical; A-Pedal pulse recovery, A-yes; B-no  Supports COVID-19
Bilateral ventilator, 1- Medical, then recurrence at2 h induced hypercoagulable
lower no Surgical postoperatively, state
extremity pressors followed by continued
limbs; B- ischemia until death; B-
left upper resolution at 2 days
extremity
limb
Papamichalis Bilateral Ventilator Hypertension, diabetes  Elevated D-dimer, = Medical Resolution of ischemia at Died (sepsis  Suggests
20207 upper and mellitus ferritin, CRP 12 h after thrombolysis from “immunothrombosis”
lower initiated candidemia/ process, antithrombotic
extremity pseudomonas treatment plus
limbs and bacteremia) immunotherapy may be
digits beneficial
Kaur 2020'°  Right No Diabetes mellitus Elevated D-Dimer, Medical, Recovery of palpable Died (cardiac Supports COVID-19
upper ferritin, CRP, LDH,  Surgical radial and ulnar pulses, arrest hypercoagulable state and
extremity CK normal sensation and secondary to role for anticoagulation
limb motor function hypoxemia)
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Table 3
Pooled outcomes.
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Sample Size Treatment Mean Follow Up (days) Outcome (resolution, amputation, death, NR)
17 Medical 221 6 - resolution, 6 - death, 5 - NR

23 Medical + Surgical 2 17 - resolution, 1 - amputation, 3-death, 2-NR
4 Observation 10 4 - resolution

3 NR NR 3 - death

NR = Not reported.

management strategy either as primary therapy or as an adjunct to
open revascularization was anticoagulation with therapeutic-dose
heparin or enoxaparin. Tissue plasminogen activator (tPA) was
used successfully in one case as well with adjunctive tocilizumab
(IL-6 inhibitor),® while in two other cases tocilizumab was used in
addition to antibiotics and antivirals with and without anti-
coagulation respectively.” Other immunotherapy medications such
as glucocorticoids and IgG were described as well with some suc-
cess.® No optimal treatment strategy could be discerned from this
data given the heterogeneity in treatments and outcomes.
Furthermore, given the high mortality rate across included studies,
limb ischemia may be a poor prognostic indicator, which has also
been demonstrated elsewhere,'” although mild cases without
associated symptoms did well with observation alone.'>!> This
would suggest that in patients with COVID-19 symptoms and
clinical findings of limb ischemia warranting treatment, actual
mortality for this group may be even greater than 45%. Lastly, many
patients went on to death despite successful treatment of their
limb/digit ischemia as these clinical findings may represent a de-
gree of severity of illness.

Based on these findings, should an orthopaedic surgeon on call
be consulted on a COVID-19 positive patient with suspected limb
ischemia, a thorough physical exam, laboratory, and radiological
work up should be performed. Physical exam should focus on
perfusion status of all extremities. Clinical findings suggestive of
limb ischemia in COVID-19 patients include chilblains, bullae, blood
blisters, acral cyanosis, bruising, and dry gangrene. Laboratory
evaluation assessing coagulation function including D-dimer,
fibrin/fibrinogen degradation products, fibrinogen (found to be
higher in SARS-Cov-2 infected patients)’ should be reviewed. An
expert panel from the American Society of Hematology recom-
mends serial monitoring of D-dimer, platelet count, prothrombin
time, aPTT, and fibrinogen, with worsening parameters associated
with worsening illness.® Imaging studies including diagnostic ul-
trasonography and computed tomography angiography may be
employed to assess thrombus formation. If suspected limb ischemia
is present, use of thrombolytic therapy such as tissue plasminogen
activator may be appropriate, in addition to the use of therapeutic-
dose heparin products.> An assessment of vasopressor use should
be performed and discontinued if management of concurrent pa-
thology can tolerate removal of vasopressors. Additional medical
treatment options may include the addition immunotherapeutic
agents, antivirals, antibiotics, topical nitrates and thermal warming.
Should medical treatment measures fail, surgical revascularization
efforts and lastly amputation should be considered.

Several authors have described an inflammatory mediated
mechanism for thrombosis in SARS-CoV-2 patients.'®!° This pro-
inflammatory state is caused not only by inflammatory cytokines
inducing pro-thrombotic state, but it is also believed that SARS-
CoV-2 can directly infect endothelial cells through the ACE2 re-
ceptor of alveoli, which leads to both endothelial cell activation and
dysfunction.” In the vast majority of cases reviewed here, there was
laboratory evidence of elevated inflammatory markers and/or
altered clotting parameters. This was the case even in several pa-
tients without any significant baseline comorbidities. SARS-CoV-2

has been shown to increase the risk of VTE as well as stroke,?°
and the American Society of Hematology recommends therapeu-
tic dose low molecular weight heparin (LMWH) or fondaparinux
for all hospitalized patients unless bleeding risk exists.”! As the
clinical manifestations of COVID-19 patients vary, so too do their
degrees of ischemia. In very mild cases, patients were treated with
observation alone without the need for anticoagulation therapy
who noted complete resolution of symptoms. SARS-CoV-2 has also
been shown to be a direct cause of endotheliitis, supporting the use
of endothelial stabilizing medications such as anti-inflammatory,
anti-cytokine drugs, ACE inhibitors, and statins as possible thera-
peutic or preventative strategies.”'

This study has several limitations largely due to the novel and
rapidly expanding nature of this disease process. Short term, het-
erogeneous follow-up data exists at this time which limits any
pooled measurement of outcomes. Heterogeneity also exists among
presenting symptoms as well as reported labs, diagnostic tests, and
treatment, making any attempted meta-analysis difficult. The vast
majority of literature consists of descriptive case series lacking any
comparison groups. It is therefore possible that SARS-CoV-2
infection could be an incidental finding and that SARS-CoV-2
infection does not increase the risk of thrombosis. However, Rey
et al. reported a series of cases of acute arterial thrombosis in March
2020 and found that the cohort of patients who were SARS-CoV-2
positive had significantly higher inflammatory markers, higher
mortality, and higher proportion of multiple thrombosis events.??
Also of note, approximately 10% of the patients in this review
were reportedly on vasopressors, making this a less likely con-
founding variable. Additionally, one study found an increase in limb
ischemia cases when comparing the number of vascular surgery
consults from January—March in 2020 vs 2019,* but this finding
was not uniform.” This suggests that there may indeed be an as-
sociation between SARS-CoV-2 and risk of thrombotic/ischemic
event, but no definitive causal relationship exists.

Our findings, albeit weakly based on the quality of available
evidence, support the theory that SARS-CoV-2 infection may be
associated with an increased risk of limb or digital ischemia. While
the exact pathophysiology remains unknown, evidence for
inflammatory-mediated thrombosis is a possible explanation
which would support the use of immunotherapy in addition to
anticoagulation for treatment and/or prevention of thromboem-
bolic events. Further understanding of the pathogenesis and
optimal treatment strategies of limb ischemia in relation to SARS-
CoV-2 viral infection will be important for the vascular, orthopae-
dic, and microvascular surgeons while new cases continue to
accumulate across the world.
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