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Available Online: 01 Jul 2024 :  crucial in causing peripheral artery disease (PAD) or exacerbating pre-existing PAD. When

comorbidities are present, patients are prone to poor prognosis. Hence, we seek to evaluate
the clinical outcomes in COVID-19 patients with PAD and find associated comorbidities.

Materials and Methods: A systematic search was performed through PubMed, Cochrane,
ProQuest, Scopus, Wiley, and EMBASE using keywords that matched the MeSH browser,
such as PAD, COVID-19, and comorbidities, without any date range limitation. Additionally,
we utilized Google Scholar to point out additional articles that could be found in the several
databases included but were not found due to the keywords. We looked for observational
studies of PAD patients with or without comorbidities until July 22, 2023.

Results: Twenty-one studies were included in this systematic review and meta-analysis.
COVID-19 patients with PAD were associated with significantly higher re-thrombolysis
(OR=3.09; 95% Cl, 1.31%, 7.28%; P=0.01) and mortality rate (OR=3.82; 95% Cl, 1.10%,
13.22%; P=0.03). However, a higher amputation rate than non-COVID-19 patients showed
lower significance (OR=2.99; 95% Cl, 0.90%, 9.89%; P=0.07), and no significant difference in
limb salvage rate was observed (OR=0.58; 95% Cl, 0.06%, 5.60%; P=0.64). Comorbidities that
show significant associations with COVID-19 patients with PAD were hypertension (67.0%;
95% Cl, 0.54%, 0.80%), diabetes mellitus (DM) (50.0%; 95% Cl, 0.37%, 0.62%), hyperlipidemia
(47.0%; 95% Cl, 0.30%, 0.64%), heart diseases (28.0%; 95% Cl, 0.14%, 0.41%), and atrial
fibrillation (16.0%; 95% Cl, 0.06%, 0.25%).

Conclusion: This meta-analysis demonstrates a higher re-thrombosis and mortality rate in
PAD patients with COVID-19 infection compared to patients without COVID-19. These events
are shown to be higher in diabetes, hypertension, and dyslipidemia individuals. Therefore,
further treatments are needed for COVID-19 patients with PAD and cardiovascular
comorbidities to prevent worse outcomes and to anticipate the possibilities of new COVID-19
variants as well as long COVID-19 syndrome.
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Introduction

he world has been fighting the COVID-19

pandemic for the past few years. Like other

viruses, the SARS-CoV-2 virus underwent

mutations, leading to new variants. De-

spite the availability of a vaccine, in Janu-
ary 2022, the COVID-19 virus managed to resurge, with
global reports indicating 23.5 million cases per week.
Subsequently, in December 2022 and January 2023,
the prevalence of COVID-19 surged once more, peak-
ing at 44.2 million cases per week globally. This condi-
tion emphasizes the need to continuously expand our
understanding of the disease’s pathogenesis to ensure
effective case management [1, 2].

One significant aspect of this virus’s pathogenesis is
strongly associated with the overproduction of pro-
inflammatory cytokines. COVID-19 patients exhibit
markedly increased levels of inflammatory cytokines
(interleukin [IL]-6 and tumor necrosis factor [TNF]-a), fi-
brinogen, D-dimer, factor VIIl, and von Willebrand factor
(VWF), along with decreased antithrombin levels, lead-
ing to a prothrombotic milieu. It is proposed that this
phenomenon occurs due to the entry of SARS-CoV-2
into pneumocytes, where it binds to the angiotensin-
converting enzyme (ACE-2), resulting in the depletion
of available ACE-2. This enzyme acts on degrading an-
giotensin-Il (Ang-Il); hence, its depletion leads to an ex-
cess of Ang-Il. Excess Ang-Il then binds to angiotensin
receptor-1, exacerbating the hypercoagulable state by
increasing cytokine levels and inducing the expression
of plasminogen activator inhibitor 1 (PAI-1) on endothe-
lial cells. This state of hypercoagulability plays a key role
in the induction or exacerbation of peripheral artery dis-
ease (PAD) [1-4].

PAD is a circulatory problem resulting from stenosis
and occlusion of medium- to large-sized arteries out-
side the heart and brain, accounting for coronary artery
disease and cerebrovascular disease, respectively. PAD
most commonly affects the lower extremities, mani-
festing as thigh or calf pain during walking or exertion
(intermittent claudication) [5, 6]. Statistics corroborate
the relevance of COVID-19 and PAD by demonstrating
anincrease in PAD cases in tandem with the progression
of the COVID-19 pandemic [4]. Regarding the outcomes,
comorbidities that induce a hypercoagulable state, such
as hypertension and diabetes, are believed to worsen
the prognosis. Individuals with these conditions often
exhibit reduced ACE-2 expression, further contributing
to elevated Ang-ll levels 3, 7].
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Despite the pandemic having subsided, comprehend-
ing this aspect remains crucial for enhancing the man-
agement of COVID-19 patients with PAD, particularly
in light of the potential emergence of new COVID-19
variants and coagulation problems in patients with long
COVID-19 syndrome [8]. Furthermore, while COVID-19's
association with hypercoagulable conditions is well-es-
tablished, the interconnections of COVID-19, PAD clini-
cal outcomes, and associated comorbidities have not
been clearly explained. Most available studies have re-
lied solely on case reports and case series, with several
yielding inconsistent results. Hence, we intend to assess
clinical outcomes in COVID-19 patients with PAD and
identify significantly associated comorbidities.

Materials and Methods

We conducted our systematic review following the
guidelines outlined in the Cochrane handbook for
systematic reviews of interventions version 6.2 and
adhered to the reporting standards of the PRISMA
(preferred reporting items for systematic review and
meta-analysis) [9]. Additionally, we have registered
this study with an ID of CRD42023405758 in the in-
ternational prospective register of systematic re-
views (PROSPERO) in compliance with international
research ethics regulations.

Search strategy

Four independent reviewers conducted an extensive
literature search across multiple electronic databases,
including PubMed, Scopus, Cochrane, Embase, Wi-
ley, and ProQuest, up to July 22, 2023. Keywords that
matched the MeSH browser, such as PAD, acute limb
ischemia, critical limb ischemia, intermittent claudica-
tion, COVID-19, diabetes mellitus, hypertension, and
comorbidities, were employed in the search. Addition-
ally, we utilized Google Scholar as a search engine to
point out additional articles that could be found in the
several databases included but are being overlooked
due to the keywords. Advanced search techniques
were employed as applicable and available to refine
the search results according to the extra category
available in each database.

Study eligibility criteria

Studies were screened based on inclusion and exclu-
sion criteria. The inclusion criteria were observational
studies such as cohort prospective and retrospective,
PAD patients with COVID-19 with or without comorbidi-
ties (with PAD as all arterial diseases outside coronary
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Identification of studies via databases and registers

Records identified from
(n=8,886)

PuMed (n=53)
Scopus (n=100)
Cochrane (n=138)
Google Scholar (n=2,570)
Embase (n=1,152)
Wiley (n=24)
ProQuest 4.849)

Identification

Records screened
(n=1,026)

Reports sought for retrieval
(n=39)

Screening

Reports assessed for eligibility
(n=34)

Studies included in review
(m=22)

Reports of included studies
(n=22)

Included

Figure 1. PRISMA diagram

and brain vascular) defined, and qualitative and quan-
titative outcomes. The exclusion criteria were PAD pa-
tients without COVID-19, uncompleted studies, studies
in a language other than English, and irretrievable full-
text. The planned procedure is shown in Figure 1.

Data extraction

We predetermined the outcome sheet in tabular form
(MS Excel® for Mac; Microsoft Corporation, Redmond,
WA, 2018) to include the following extracted data: au-
thor and year of publication; study characteristics, in-
cluding the design, location, and length of study; study
population, including sample size, subject types, range
or mean age, gender, BMI, and comorbidities; and study
outcomes. Our study outcomes are re-thrombosis, am-
putation, limb salvage, and mortality rate. In this data ex-
traction, all authors extracted both qualitative and quan-
titative characteristics. In addition, all authors rechecked

Records removed before
screening
Duplicate records removed
(n=7.860)

Records excluded**
(n=987)

Reports not retrieved
(n=5)

Reports excluded:

Not observational study (n=9)
Patient popoulation is only
PAD patients without COVID-19
(n=6)

Incomplete outcome
(n=4)

Language other than
(n=2)

Studies included in statistical
analysis
(n=22)

the accuracy of the extracted data while performing sta-
tistical analysis. All the disagreements between authors
were resolved by the majority of opinions.

Risk of bias in assessment

Critical appraisal was performed following the New-
castle-Ottawa quality assessment scale for cohort stud-
ies to assess the bias of the included studies qualitative-
ly [10]. The score is converted to Agency for Healthcare
Research and Quality (AHRQ) standards, divided into
>6: Good; 4-6: Fair; and 4: Poor. Four reviewers did the
quality assessment blind to each other’s scores, then
discussed until a consensus was reached [11].

Statistical analysis

We conducted the statistical analysis using Review
Manager version 5.4 from The Nordic Cochrane Cen-
ter, the Cochrane Collaboration in Copenhagen. We
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extracted the studies’ odds ratios and prevalence
percentages and interpreted the combined effects. To
account for potential heterogeneity among the stud-
ies, we applied the DerSimonian-Laird random-effects
model as sug- gested by Riley et al. We assessed het-
erogeneity using the estimated effect (I?) statistics,
following Cochrane thresholds, where values of 0%,
25%, 50%, and 75% in- dicate insignificant, low, mod-
erate, and high heteroge- neity, respectively [12].

Results
Study selection and characteristics

A total of 8886 studies were identified through
seven databases, with details listed in Appendix 1.
After re- moving 7860 duplicates, 987 were removed
based on their relevant “titles” and “abstracts.” Also,
5 full texts were not retrieved, and 14 full texts were
excluded based on the exclusion criteria. Finally, 21
studies were included for qualitative and quantitative
analysis (Figure 1). The characteristics of the included
studies are listed in Appendix 2.

Quality assessment

Each study was assessed for its selection, compara-
bility, and outcomes using the Newcastle Ottawa scale
(NOS) for cohort studies (Appendices 3 and 4) [13-33].
Overall, the studies were rated as high quality with a
low risk of bias. According to the AHRQ, only five stud-
ies were deemed “poor quality.”

Clinical outcomes

The clinical outcomes of PAD were compared between
the control and COVID-19 groups (Figure 2). COVID-19
patients were associated with significantly worse out-
comes compared to control, evidenced by a higher mor-
tality rate (OR: 3.82 [95% Cl, 1.10%, 13.22%]; P=0.03;
12=30%) and higher re-thrombolysis rate (OR: 3.09 [95%
Cl, 1.31%, 7.28%]; P=0.1; 1>=10%), with insignificant to
low heterogeneity. However, there is no significant dif-
ference between the two groups in amputation rate
(OR: 2.99 [95% ClI, 0.9%, 9.89%)]; P=0.07; 1>=27%) and
limb salvage rate (OR: 0.58 [95% Cl, 0.06%, 5.60%];
P=0.64; I’=82%). Low to high heterogeneity was found
in these insignificant results.

The associated comorbidities rate in COVID-19 pa-
tients is shown in Figure 3. Hypertension was the most
common comorbidity (67.0%; 95% Cl, 0.54%, 0.80%),
followed by diabetes mellitus (DM) (50.0%; 95% ClI,
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0.37%, 0.62%), hyperlipidemia (47.0%; 95% Cl, 0.30%,
0.64%), heart diseases (28.0%; 95% Cl, 0.14%, 0.41%),
and atrial fibrillation (16.0%; 95% Cl, 0.06%, 0.25%) in
COVID-19 patients with PAD. However, all these results
were correlated with high heterogeneity.

Discussion

In COVID-19 patients, a prothrombotic state and var-
ious thrombotic events are prevalent. Compared to
other respiratory illnesses like acute influenza or oth-
er viral infections, SARS-CoV-2 infection significantly
increases the incidence of thrombotic events. These
events often manifest with severe clinical symptoms
attributed to hypercoagulability induced by cytokine
production. While the exact cause of this hyperco-
agulable state in COVID-19 has remained uncertain,
several theories have been proposed, including endo-
thelial dysfunction, coagulation abnormalities, hypox-
ia-induced endothelial changes, and conventional risk
factors. These factors collectively heighten suscepti-
bility to PAD in COVID-19 patients [34].

Our systematic review and meta-analysis consistently
revealed that COVID-19 patients with PAD are associ-
ated with higher rates of re-thrombosis (OR=3.09; 95%
Cl, 1.31%, 7.28%; P=0.01), mortality (OR=3.82; 95% ClI,
1.10%, 13.22%; P=0.03), amputations (OR=2.99; 95%
Cl, 0.90%, 9.89%; P=0.07), and limb salvage (OR=0.58;
95% Cl, 0.06%, 5.60%; P=0.64). Despite the relatively
lower statistical significance in the amputation and limb
salvage groups, they are included in our analysis due
to their substantial relevance to overall prognosis and
complications in COVID-19 patients [4]. Our findings re-
lated to the mortality rate were in line with systematic
review and meta-analysis by Zuin et al. (2022) which
found that COVID-19 patients with PAD correlated sig-
nificantly with higher mortality risk compared to control
(OR 2.78 [95% Cl, 2.37%, 3.27%)]) [35]. Besides, another
study by Ren et al. (2023) also supported these results
with a pooled OR of 1.29 (95% Cl, 1.1%, 1.5%) [36]. The
need for amputations was significantly increased in the
COVID-19 period, related to patients with PAD up to
three times, as reported from a review by Pride et al.
(2023) [37]. These findings may also be explained by the
indirect impact of COVID-19, which affected healthcare
delivery, especially for vulnerable populations.

In accordance with the results of our research, Gold-
man et al. underscored the impact of COVID-19-in-
duced prothrombotic states on thrombus prevalence
in large and medium arteries [17]. This condition con-
tributes to worse outcomes, including amputation
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A. Re-thrombolysis rate

B. Mortality rate

C. Amputation rate

D. Limb salvage rate

Figure 2. Clinical outcomes of PAD with COVID-19 patients
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A) Forest plot for re-thrombolysis rate demonstrating low heterogeneity, B) Forest plot for mortality rate demonstrating moderate hetero-
geneity, C) Forest plot for amputation rate demonstrating moderate heterogeneity, D) Forest plot for limb salvage rate demonstrating high

heterogeneity

and mortality in COVID-19 patients with PAD. Bel-
losta et al.s cohort study further substantiates this,
revealing a significant mortality rate (40%) in patients
with COVID-19 pneumonia presenting acute lower-
extremity ischemia symptoms [16].

Concerning comorbidities, worse prognoses in CO-
VID-19 patients are often observed when comorbidities
are present. Our study aims to identify the most com-
mon comorbidities in COVID-19 patients with PAD, with
hypertension (67%), DM (50%), hyperlipidemia (47%),
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A. Hypertension
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Weight Woeight
Study Events Total Proportion 95%-Cl (commeon) (random)
Goldman et al, 2020 13 16 ! —_— 0.81 [0.54; 0.96] 0.9% 6.9%
Yesikaya et al, 2021 TN —IL——*— 0.64 [0.31; 0.89] 0.4% 5.9%
Indes et al, 2020 122 15 | 0.80 [0.52; 0.96) 0.8% 6.8%
llanzo et al, 2020 4 16 i ——— 0.88 [0.62;0.98] 1.3% 7.2%
Sanchez et al, 2021 0 30 @ ——— ! 0.33 [0.17: 0.53] 1.2% 7.1%
Al-zoubi et al, 2021 6 7 :—-—4— 0.86 [0.42:1.00] 0.5% 6.2%
Etikin et al, 2020 26 49 —:—*—* 0.53 [0.38: 0.67] 1.7% T.4%
Vo et al, 2022 16 26 — 0.62 [0.41; 0.80] 1.0% T.0%
Barac et al, 2021 22 22 | — 1.00 [0.85: 1.00] 9.4% 7.9%
Soares et al, 2022a 30 35 : ——— 0.86 [0.70; 0.95] 2.5% 7.6%
Soares et al, 2022b 7 23 ! e 0.74 [0.52; 0.90] 1.0% 7.0%
Smolderen et al, 2021 482 693 : -‘-— 070 [0.66: 0.73] 28.3% B.0%
Ishihara et al, 2022 14 25 TR R S 0.56 [0.35; 0.786] 0.9% 6.9%
Pham et al, 2022 53 526 i 0.10 [0.08; 0.13] 50.2% 8.0%
| i
| !
Commean effect model 1494 & 0.43 [0.41; 0.44] 100.0% -
Random effects model —= 0.67 [0.54; 0.80] = 100.0%
Heterogeneity: I° = 99%, +* = 0.0574, p < 0.01 ! ' I ' !
02 04 06 08 1
B. Diabetes mellitus
Weight Weight
Study Events Total Proportion 95%-Cl (commaon) (random)
Bellosta et al, 2020 3 20— | 0.15 [0.03; 0.38] 1.3% 6.6%
Goldman et al, 2020 8 186 —_— 0.50 [0.25;0.75] 0.5% 5.7%
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Indes et al, 2020 8 15 I 0.53 [0.27;0.79] 0.5% 5.7%
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Al-zoubi et al, 2021 4 7 ; ; 0.57 [0.18; 0.90] 0.2% 4.5%
Etikin et al, 2020 17 49 -:—*—| 0.35 [0.22; 0.50] 1.8% 6.8%
Vo et al, 2022 19 26 : ——— 0.73 [0.52;0.88] 1.1% 6.5%
Barac et al, 2021 14 22 I R 0.64 [0.41,;0.83] 0.8% 6.2%
Soares et al, 20223 28 35 : s 0.80 [0.683;0.92] 1.8% 6.8%
Soares et al, 2022b 5 23 ——— 0.22 [0.07;0.44] 1.1% 6.5%
Smolderen et al, 2021 387 693 ) S 0.56 [0.52;0.80] 23.3% 7.3%
Alonso, et al 2020 8 9 : 0.89 [0.52; 1.00] 0.8% 6.1%
Ishihara et al, 2022 19 25 1 : 0.76 [0.85;091] 1.1% 6.5%
Pham et al, 2022 39 526 i 0.07 [0.05; 0.10] 63.5% 7.3%
| :
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C. Hyperlipidemia
Weight Weight
Study Events Total Proportion 95%-Cl (common) {random)
Goldman et al, 2020 8 16 e 0.50 [0.25;0.75] 3.2% 8.7%
Yesikaya et al, 2021 1 1 —— 0.09 [0.00: 0.41] 6.6% 9.6%
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Figure 3. Associated comorbidities of PAD with COVID-19 patients

A) Hypertension, B) DM, C) Hyperlipidemia, D) Heart disease, E) Atrial fibrillation

heart disease (28%), and atrial fibrillation (16%) emerg-
ing as the most prevalent. These findings were similar
to other systematic reviews by Rostagi et al. (2021),
which found that hypertension, diabetes, and hyper-
cholesterolemia were the most frequent comorbidities
in order of occurrences in COVID-19 patients with PAD
[3]. Hypertension, in particular, stands out due to its as-
sociation with an activated innate immune response
and chronic inflammation, which weaken initial im-
munity against SARS-CoV-2 infection. Hypertensive and
diabetic patients also exhibit pre-existing endothelial
dysfunction, increasing their susceptibility to PAD [38].
Rastogi et al. (2021) also revealed that COVID-19 pa-

tients with comorbidities of diabetes or hypertension
presented with a higher risk of lower limb complica-
tions and, therefore, might require anti-coagulation [3].
These findings underscore the importance of evaluating
comorbidities in COVID-19 patients with PAD to guide
treatment decisions and improve prognosis.

This systematic review and meta-analysis had several
limitations. The clinical outcomes of PAD in COVID-19
patients were presented with a small number of stud-
ies and subjects included in the analysis. Due to the
small number of studies and subjects, we could not
perform adequate subgroup analysis. High heteroge-
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neity results were found, especially in COVID-19-asso-
ciated comorbidities, using proportional meta-analysis.
Besides, according to the NOS scale, some included
studies were of poor quality.

Our study provides valuable insights for future re-
search, potentially informing approaches to reduce
mortality risk and enhance patient prognosis in patients
with PAD. Furthermore, gaining a deeper understand-
ing of PAD enables us to better inform vulnerable indi-
viduals about the importance of disease screening, pro-
gression, and prevention more effectively, especially in
other comorbidities that may worsen the prognosis. It is
important to emphasize that despite the pandemic hav-
ing subsided, these findings retain their significance and
may be helpful in patients with similar conditions. Be-
sides, the COVID-19 pandemic has shown us both direct
(such as hypercoagulability) and indirect effects (such as
impacts on healthcare delivery). Therefore, better dis-
ease-related strategies must be prepared for the future.
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Appendix 1. Results of databases search

Database Keyword(s) Hits

((Peripheral artery disease) OR (peripheral arterial disease) OR (acute limb ischemia) OR
Pubmed (critical limb ischemia) OR (intermittent claudication)) AND((COVID-19) OR (diabetes) OR 53
(diabetes mellitus)OR (hypertension) OR (high blood pressure) OR(comorbidities))

((Peripheral artery disease) OR (peripheral arterial disease) OR (acute limb ischemia) OR
Google Scholar (critical limb ischemia) OR (intermittent claudication)) AND((COVID-19) OR (diabetes) OR 2,570
(diabetes mellitus)OR (hypertension) OR (high blood pressure) OR(comorbidities))

((Peripheral artery disease) OR (peripheral arterial disease) OR (acute limb ischemia) OR
Cochrane (critical limb ischemia) OR (intermittent claudication)) AND((COVID-19) OR (diabetes) OR 138
(diabetes mellitus)OR (hypertension) OR (high blood pressure) OR(comorbidities))

((Peripheral artery disease) OR (peripheral arterial disease) OR (acute limb ischemia) OR
Scopus (critical limb ischemia) OR (intermittent claudication)) AND((COVID-19) OR (diabetes) OR 100
(diabetes mellitus)OR (hypertension) OR (high blood pressure) OR(comorbidities))

((Peripheral artery disease) anywhere OR (limb ischemia) anywhere OR (intermittent
Wiley claudication) anywhere AND (COVID-19) anywhere OR (diabetes) anywhere OR 24
(hypertension) anywhere OR (comorbidities) anywhere

(‘Peripheral artery disease’/exp OR ‘peripheral arterydisease’ OR (peripheral AND
Embase (‘artery’/exp OR artery)AND (‘disease’/exp OR disease)) OR ‘acute limb ischemia’:ti,ab,kw 1,152
OR ‘critical limb ischemia’:ti,ab,kw)AND ‘covid 19’:ti,ab,kw

Peripheral artery disease OR acute limb ischemia ORcritical limb ischemia AND COVID 19
OR diabetesOR hypertension - tpi klo kek gni dptnya 300,659

Proquest 4,849
Kalo cuma
Peripheral artery disease AND COVID 19 - 4720
Total 6,573
Full paper screened 342
Included 22
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Appendix 2. Characteristics of the included studies
No. Author, Year Study Design Location Length of Study Sample Size  Types of Subjects
1 Bozzanl[i;]al. 2020 Retrospective cohort Italy MarChznggnl 30, 6 COVID-19 (+)
2 Bellosta et al. 2020 Prospective cohort Italy January-March, 2020 20 COVID-19 (+)
[14]
38 Mascia et al. 2020 . March-April, 2019 & 16 COVID-19 (+)
15 Prospective cohort Italy 2020
3b (15] 21 COVID-19 (-)
4a Multicentric, retrospec- 68 COVID-19 (+)
Bellosta féal' Aozl tive, observational cohort Italy March 8-May 3 2020
4b [16] Sl 239 COVID-19 (-)
5a ) January-April, 2020 16 COVID-19 (+)
5 Goldmar[11e7t] al. 2020 Retrospective cohort L;Fa'::g January-April 2018 3 COVID-19 ()
& 2019
6a Yesilkaya et al. 2021 . March 12-December 1 COVID-19 (+)
1 Retrospective cohort Turkey
6b (18] 31,2020 10 COVID-19 (-)
7a Goldman et al. 2020 Retrospective cohort United March 1-April 20, 15 COVID-19 (+)
7b [17] States 2020 25 COVID-19 (-)
Topcu et al. 2021 . September 1- Decem-
8 [20] Retrospective cohort Turkey ber 31, 2020 6 COVID-19 (+)
llonzo et al. 2020 . United March 1- April 15,
9 [21] Retrospective cohort States 2020 16 COVID-19 (+)
10 Sa”ChEZ[g]a" 2021 Re"{:ﬁﬁﬁ;"m‘c’;‘m Brazi March-July, 2020 30 COVID-19 (+)
Al-zoubi et al. 2021 . November 1-
ecember 31, )
11 (23] Retrospective cohort Jordan D ber 31. 2020 7 COVID-19 (+)
Etkin et al. 2020 . United March 1-May 15,
12 24] Retrospective cohort States 2020 49 COVID-19 (+)
January 24-
13a 15 COVID-19 (+)
Li etal. 2020 [25] Cohort China March 31, 2020
13b 2019 50 COVID-19 (-)
. United March 2020-
14 Vo et al. 2022 [26] Cohort Retrospective States March 2021 26 COVID-19 (+)
15 Barac ?;73]" 2021 Retrospective cohort Timisoara 1 month 22 COVID-19 (+)
de Athayde Soares . March 2020-
16 etal. 2022 [28] Cohort Retrospective Sao Paolo March 2021 35 COVID-19 (+)
de Athayde Soares . January 2020- .
17 etal, 2022 [29] Cohort prospective Sao Paolo October 2021 23 COVID-19 (+)
Smolderen et al. . Connecti- March 2020-
18 2021 [30] Observational study cut Novernber 2020. 693 COVID-19 (+)
Alonso et al. 2020 . Cara- March 2020-
19 31] Cohort prospective banchel May 2020 24 COVID-19 (+)
20 I il o L 2 Retrospective cohort Japan January 2022 25 COVID-19 (+)
[32]
Pham et al. 2021 . United January 20, 2020- .
21 33] Retrospective cohort States May 20, 2021 526 COVID-19 (+)
Age (Median . Atrial  Hyper- Heart
nder Hyper- Di Mel-
No. Author, Year (IQR)/MeanzSD G;:n/d; BMI terizi‘:)n Iabﬁttii € fibrila-  lipid- diseases
(v)) tion emia  (CAD/CHF)
1 B°Zza“'[§;]a" 2020 71 (1Qr49-83) 4/2 N/A N/A N/A N/A N/A N/A
P Be"°5ta[ff”a" Ay 7549 18/2 N/A N/A 3(15.0) 5(250) N/A N/A
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Age (Median . Atrial  Hyper- Heart
No.  Author,Year  (IQR)/MeantSD G(;'/"F';r BMI t:‘r’":ie;n D'ab‘;'ittiss L S T T o
(v)) tion emia  (CAD/CHF)
33 Mascia et al. 2020 N/A N/A N/A N/A N/A 6 N/A N/A
3b [15] N/A N/A N/A N/A N/A N/A N/A N/A
4 pellosta et al. 2021 73£12 N/A N/A N/A N/A N/A N/A N/A
4b [16] 75+12 N/A N/A N/A N/A N/A N/A N/A
Sa 70£14 9/7 28056  13(810) 8(50.0) N/A  8(500)  4(25.0)
Goldman et al.
5h 2020 [17] 71£15 16/16 28259  26(81.0) 16 (50.0) N/A (5%60) 7(22.0)
6a Veleracil 71.2¢13.9 5/6 26544383  7(63.6) 5(45.5) 0(0.0) 1(9.1)  4(364)
6b 2021 [18] 61.8+15.5 6/4 24.9+486  6(60.0) 2(20.0) 2(200) 2(200)  6(60.0)
7a 64.0(54.5655)  10/15 32'62(28'0' 12 (80.0) 8(53.3) 0(0.0) 6(40.0) 2(13.3)
Goldman et al. 328)
2020[17] 25.5(22.7- 12
7b 70.0 (61.0-80.0)  10/25 200) 23(92.0) 14 (56.0) 140 45g 9060
8 [CES [eztg]" 0P 62 (59-64.3) 5/1 N/A N/A N/A 0(00)  N/A 0(0.0)
llonzo et al. 2020 12
9 1] 63.3 8/8 336 14(87.5) 9(56.3) NA g 8(500)
10 Sa“Chezlze;]""" Al 60415 23/7 NA 10(33.3) 8(267)  3(100) 1(33)  4(133)
11 A"ZOUbEg]a" 2021 65.56+1.13 5/2 N/A 6(85.7) 4(57.1) N/A  3(42.9) N/A
12 Etkin et al. 2020 67(58-75) 37/12  28(2532)  26(53.0) 17 (35.0) 7(140) 2 8(16.0)
[24] (24.0)
13a 70.93+10.18 12/3 N/A N/A N/A N/A N/A N/A
Li etal. 2020 [25]
13b 69.2249.67 38/12 N/A N/A N/A N/A N/A N/A
14 Voetal.2022[26]  61.7(33-82) N/A N/A 16 (61.5) 19(731)  8(30.8) (8%18) 4(15.4)
Cardiac ins-
15 Barac et al. 2021 64.9149.57 15/7  31.631647  22(100) 14 (63.64) N/A 18 suficiency8
[27] (85.71)
36.36)
de Athayde Soares
16 etal 2022 28] e 21/14 N/A 30(85.7) 28 (80) N/A N/A 21(60)
de Athayde Soares
17 et al, 2022 [20] 70.48+7.2 11/12 N/A 17(73.9) 5(21.7) N/A N/A 3(13)
Smolderen et al. 274
18 2021 [30] 72.5¢13.6 349/344 N/A 482(69.6)  387(55.8) o5 VA N/A
19 A'°”S°[§tﬁ" 2020 70£10 7/2 N/A N/A 8(88.89) 2(22)  6(67.0) N/A
Ishihara et al. 2022 12
20 [32] 73.8t4.8 16/9  21.4%44  14(56) 19 (76) NA g 21(840)
Type 1=5 (0.95)
71 Phametal. 2021 6524147  64/462 N/A  53(10.1) Type2-34(65) 17(32) NA  28(53)

(33]

Both=39 (7.4)
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Laboratorium Parameters

52 > = W, W, £ T _= 2E =
3B g X §§5 55 <SE L3583 TEiz
No. Author, Year 8 3 = S o 2 23 TS g2 S S =g
> 9 o s E o & o ¥ S £ Q0 c ¢ 80 ¢
g 2 2 Z® % 8 S= £9f£3 :£S9s
o = = S 8 S B S = z £33 [} g c ©
2 2 g 2 25 Zg EQ g2 E58¢2
&a & o I e 8= s = 23
1 B°zza“'£;]a" 2020 N/A N/A N/A N/A N/A N/A N/A N/A
o Bellostaetal. 2020 4(20.0) N/A  4(2000 NA 5(250) 2200(158 239482 N/A
[14] 301)
33 Mascia et al. 2020 N/A N/A N/A N/A N/A N/A N/A N/A
3b [15] N/A N/A N/A N/A N/A N/A N/A N/A
42 Bellosta et al. 2021 N/A N/A N/A 186 82 N/A N/A N/A
b [16] N/A N/A N (60.6)  (267) N/A N/A N/A
52 Goldmanetal 8(50.0) 8 N/A N/A N/A N/A 26491 1.4140.82
5h 2020 [17] 19(59.0) 20 N/A N/A N/A N/A 264494 1.14£0.22
62 vesikayaetal. 3(27.3) 2(182) N/A  4(364) 3(27.3) N/A N/A N/A
6b 2021 [18] 5(50.0) 7(700) N/A  7(70.0) 4(40.0) N/A N/A N/A
85(35-  2955(170.5-
7a 2(13.3) 6(429)  N/A N/A N/A N/A
Goldman et al. 17.1) 318.0)
2020[17] 20(15  261.0(192.0-
7b 13 17(680)  N/A N/A N/A 27) 3310) N/A
7.085
g TR thg]l' Atpl 1(16.7) N/A NA  NA  NA (17125 N/A N/A
13942.5)
g [llonzo thf]" 2020 6(37.5) 8(500) N/A 5(313) 3(188) 6543 367 125
Sanchez et al. 2021 10 3.2(1.6- 1.06 (0.92-
10 2] 4(133) 3100 (333 MA 7(83) 284 (220-371) 126)
1 A"Z"“bEg]a" 2021 N/A 6(857) 4(571) N/A 5(714)  N/A N/A N/A
. 2,673
i el A0 2(40) 9(180) NA P 7(40) (723 N/A N/A
[24] (29.0)
7139)
13a N/A N/A N/A N/A N/A N/A N/A N/A
Li et al. 2020 [25]
13b N/A N/A N/A N/A N/A N/A N/A N/A
14 Voetal 2022 [26] 4(15.4) 10 (38.4) (3204) NA  5(192)  N/A N/A N/A
Barac et al. 2021 16 19
15 7] N/A 1004545) (107 (@g3g) A 9575186 275545482299 N/A
de Athayde Soares 33
16 " etal. 2022 28] N/A N/A N/A NA gpy 18(514) N/A N/A
de Athayde Soares
17 Ctal 2022 29] N/A 9(39.1)  N/A N/A N/A N/A N/A N/A
Smolderen et al.
18 SRl N/A N/A N/A N/A N/A N/A N/A N/A
19 A'onso[gtl‘j‘" 2020 5 (55) a(a8)  7(78) 5(55) 1(11) N/A N/A N/A
. 4(16)> )
20 'Sh'hara[a‘e;]""" 2022 Gioke-7(28)  current  N/A N/A NJA 1'3(8)'7 159.9+65.0 N/A
smoking ’
Obes
21 Pham et al. 2021 N/A N/A +over-  Aspirin 56 N/A N/A N/A

[33] weight 35(6.7)  (10.6)

19 (3.6)
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Post-opera-
Bozzani et al. 1 tive mortality
1 2020 [13] N/A N/A N/A N/A 5(83.3) 2(33.3) (16.7) 1(16.7) and amputa-
tion rate
Successful
With revasculariza-
Bellosta et al oth- lel, Ly
2 2020 [14] N/A N/A N/A oo 16(800)  2(100) 1(50) 8(400) (:?1% (Ij:tyes)
(100.0) survival, and
limb salvage
With
3a N/A N/A N/A ath- 13(81.3)  2(13.3) 2 2
ers: 16 ’ : (13.3)
Mascia et al. (100.) Limb salvage
2020 [15] With 8
3b N/A N/A N/A e:)st'hz-l 16(762)  N/A  0(00) 1(625)
(100.0)
4a N/A N/A N/A N/A 68(100.0) 29(42.6) 6(8.8) N/A Freedom
Bellosta et al. 239 from
ap  2021[16] N/A N/A N/A N/A 48(200) 5(2.0 N/A in-hospital
/ / / / (100.0) bt sl / el
3/11 4
5a 38.0+14.3 N/A N/A N/A 6(37.5) 6(37.5)  Clotburden
Goldman et (27.3) (25.0) in patients
al. 2020 [17] 0/11 1 with CO-
+
5b 33.0£13.2 N/A N/A N/A 30(93.7) 00 (1) 1612 VID-19
Clinical char-
6a N/A N/A 12.81+9.29 N/A 10 (90.9) 1(9.1) 1(9.1) 1(9.1) acteristics
of patients
Yesilkaya et g;gsact:;_
al. 2021 [18] acteristics of
6b N/A N/A 14.519 N/A 10 (100.0) 1(10) 1(10) 2(20.0) thrombo-
embolic
material
39.1 5.0(5.0- Withol:lt Identify
7a 159(14.7208)  (32.0- 73)  othersd  6(40) N/A~ 0(00)  6(400)  potential risk
Goldman et 474) ’ (26.7) factors for
al. 2020 [17] 331 Without arterial
7b 152(14317.1)  (29.5- 5'30(3_;)')0' others:  3(12.0) N/A (130) 2(80)  thromboem-
457) - 5(20.0) : bolic disease
Overall:
Without  Interven- Ir21t(e3r?/§r2-
others: tion: 1 tion: 1 Outcomes
Topcu et al. 3(50.0) (16.7) Anti- 2 . of COVID-19
e 2021 [20] N/A N/A N/A With  cosgul- WA 3az) M6 et with
. Anti-co-
others:  tion only:1 asulation ALl
3(500)  (16.7) suiat
only:1

(16.7)
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Overall:
Interven- 4(25.0)
With tion: 7 Interven- Mortality
P tion: 2 secondary:
llonzo et al. oth- (43.8) Anti- :
9 2020 [21] 36 N/A N/A ors 16 coagula- N/A 0(0.0) (12_.5) primary
(100.0)  tion only: Anti-co-  patency and
' ' agulation morbidity
2(12.5) o
(6.3)
Sanchez et al 2D \:)\{clftr 9 (Cltttzz) i
10 2021 [22] : N/A (28.3- N/A ers: 30 18 (60.0) N/A (30.0) 7(23.3)  surgical char-
37.8) y ’ acteristics
(100.0)
. Demog-
1 A"zzg;f'[g]a" N/A N/A N/A NA  1(143) 1(143) (123) 5(714)  raphyand
’ outcomes
Without
oth-
ers: 28
Etkin et al. (57.0)
12 2020 [24] N/A N/A N/A With 13 N/A 5 21
oth-
ers: 21
(43.0)
13a Li et al. 2020 N/A N/A N/A N/A N/A N/A N/A 1(6.7) Complica-
. tions and
13b (25] N/A N/A N/A N/A N/A N/A NA  1(20) death
Outcomes
Vo et al. 2022 7 of COVID-19
14 26] N/A N/A N/A 4(15.4) 13 (50.0) N/A (26.9) 8(30.8) patients with
ALl
Anti-
platelet
+
Barac et al antico- Revascu- 3
15 2021 [27]' N/A N/A N/A agulant  18(81.8) larization (13.6) 3(13.6)
preop- 4(18.2) '
erative
22
(100.00)
SRl 33 8 sa1|—\r/]ae Itlen::te
16  Soares etal. N/A N/A N/A (043  9260% NA 35 140400 T Eoliis
2022 [28] : ’ .
mortality
e,
17 Soaresetal. N/A N/A N/A 23(100)  60.80% N/A 4(25)  6(38) 4 gvera”
2022 [29] :
mortality
o SR N/A N/A N/A N/A N/A N/A N/A  16(245)  Mortality

al. 2021 [30]
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Alonso et al. Acro-Isch-
19 2020 [31] N/A N/A N/A N/A N/A N/A N/A N/A emia
Ishihara et al. 30-day
20 2022 [32] N/A N/A N/A N/A N/A N/A N/A 5(20) mortality
Outcomes of
Revascu- ALI COVID-19
21 P;SZ"I ‘[*;33]' N/A N/A N/A N/A N/A  larization (5219 " (2237015) 180-day
89 (16.9) ’ ) mortality,
amputation
Appendix 3. Quality assessment of studies based on Newcastle-Ottawa quality assessment scale
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Representativeness with v v v
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derivation of the
cohort
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Appendix 4. Studies quality assessment based on Newcastle-Ottawa quality assessment scale-AHRQ standards

No. Author, Year Selection  Comparability Outcome Quality Assessment based on AHRQ
1 Bozzani et al. 2020 [13] 4 1 1 6 (poor)
2 Bellosta et al. 2020 [14] 4 1 3 8 (good)
3 Mascia et al. 2020 [15] 4 2 1 7 (poor)
4 Bellosta et al. 2021 [16] 4 1 3 8 (good)
5 Goldman et al. 2020 [17] 4 1 3 8 (good)
6 Yesilkaya et al. 2021 [18] 3 2 3 8 (good)
7 Goldman et al. 2020[17] 3 2 3 8 (good)
8 Topcu et al. 2021 [20] 3 1 3 7 (good)
9 llonzo et al. 2020 [21] 3 1 3 7 (good)
10 Sanchez et al. 2021 [22] 4 1 3 8 (good)
11 Al-zoubi et al. 2021 [23] 4 0 1 5 (poor)
12 Etkin et al. 2020 [24] 4 0 3 7 (poor)
13 Li et al. 2020 [25] 3 1 1 5 (poor)
14 Vo et al. 2022 [26] 3 2 3 9 (good)
15 Barac et al. 2021 [27] 4 2 3 9 (good)
16 Soares et al. 2022 [28] 3 1 3 7 (good)
17 Soares et al. 2022 [29] 3 2 3 8 (good)
18 Smolderen et al. 2021 [30] 3 2 3 8 (good)
19 Alonso et al. 2020 [31] 3 1 3 7 (good)
20 Ishihara et al. 2022 [32] 4 2 3 9 (good)
21 Pham et al. 2021 [33] 3 2 3 8 (good)

Notes: There are five studies with poor quality.
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