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Background: The purpose of the study was to compare the clinical presentation, management,
and outcomes of surgical revascularization for acute limb ischemia (ALI) in 2 groups of patientse
with and without SARS-CoV-2 infection.
Methods: During the 2 years (01.01.2020e31.12.2021) all consecutive patients diagnosed with
ALI and treated with urgent revascularization were prospectively enrolled. Based on the results
of polymerase chain reaction swab for SARS-CoV-2 infection patients were allocated to group
Aeinfected or group Benoninfected. Demographic characteristics, clinical, imaging, laboratory
data, and details of treatment were collected prospectively. The composite endpoint of major
amputation and/or death at 30 days after surgery was defined as main study outcome. The post-
operative ankle-brachial index value, reinterventions, complications, and length of hospital stay
were considered as secondary outcomes.
Results: Overall, 130 patients (139 limbs with ALI) were analyzede21 patients (23 limbs) in
group A and 109 patients (116 limbs) in group B. The anatomical site of arterial occlusion, dura-
tion, and severity of ischemia did not differ significantly between the groups. Patients with
COVID-19 had significantly shorter time from ALI onset till administration of the first dose of anti-
coagulant: 8 (2.5e24) hr vs. 15.7 (6e72) hr in group B, P ¼ 0.02. Vascular imaging was per-
formed before intervention only in 5 (23.8%) infected patients compared to 78 (71.5%)
patients in group B, P < 0.001. The main outcome was registered in 38 (29.2%) patients, signif-
icantly more frequent in infected cohort: 12 (57.1%) patients in group A versus 26 (23.8%) in
group B, P ¼ 0.003. Difference was preponderantly caused by high mortality in group Ae9
(42.8%) patients, compared to 17 (15.5%) patients in group B, P ¼ 0.01. The difference in
the rate of limb loss was not statistically significant: 4 (17.3%) limbs were amputated in
COVID-19 patients and 12 (10.3%) limbsein noninfected patients (P ¼ 0.3). Combination of
ALI and COVID-19 resulted in increased 30-day mortalityerisk ratio (RR) 2.7 (95% confidence
interval [CI]: 1.42e5.31), P ¼ 0.002, but did not lead to significantly higher amputation rateeRR
1.6 (95% CI: 0.59e4.75), P ¼ 0.32. In group A initial admission of the patient in the intensive
care unit was an independent risk factor for amputation/death. Excepting systemic complications
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which were more frequently registered among COVID-19 patients: 7 (33%) cases vs. 14 (12.8%)
in group B, P ¼ 0.04; no differences in other secondary outcomes were observed between the
groups.
Conclusions: Study demonstrates the significant negative impact of COVID-19 upon the 30-
day amputation-free survival in patients undergoing urgent surgical revascularization for ALI.
The difference in outcome is influenced by higher rate of mortality among infected patients,
rather than by the rate of limb loss. Severity of COVID-19, namely requirement of intensive
care, mostly determines the outcome of ALI treatment.
INTRODUCTION

Acute limb ischemia (ALI) is a major vascular emer-

gency associated with high rates of mortality, limb

loss, and permanent disability. Despite significant

progresses achieved in many fields of vascular sur-

gery during the last decades the outcomes of ALI

treatment generally remain unchanged.1 Mortality

and major amputation rates reported in contempo-

rary series both exceed 10% within 30 days of

follow-up.2,3 Challenges in management of ALI

could be explained by significant variability of

causes and underlying vascular conditions, versa-

tility of curative approaches, short time available

for limb salvage, frailty, and polymorbidity of most

patients.

Global pandemic of severe acute respiratory syn-

drome caused by coronavirus type 2 (SARS-CoV-2)

has dramatically affected the health care system

worldwide. Association of coronavirus infection dis-

ease (COVID-19) with acute thrombotic events, in

particular with ALI, was observed from the begin-

ning of the ‘‘first wave’’ of pandemic.4,5 Early expe-

rience in the management of patients with ALI and

COVID-19 uncovered dismal results of treatment

with unusually high rates of reintervention (around

13%), amputation (>30%) and death (>35%).5e7

Amid the pandemic, the European Society for

Vascular Surgery published an update of clinical

practice guideline on the management of ALI in pa-

tients with COVID-19, based on the analysis of

limited number of publications: 89 case reports

and nine cohort studies reporting on 13e49 pa-

tients. The majority of studies were observational

with high heterogeneity and risk of bias.8 Although

several important recommendations were formu-

lated, the authors of the guideline highlighted very

low level of evidence and called for continuous ef-

forts in data collection and collaboration in research

initiatives.9 Thus, the current study aimed to

compare the clinical presentation, management,

and outcomes of surgical revascularization for ALI

in 2 groups of patientsewith and without
SARS-CoV-2 infection treated in a single center dur-

ing the same time period.
MATERIAL AND METHODS

It was a single-center observational prospective

cohort study. The study protocol was elaborated ac-

cording to the principles of Declaration of Helsinki

and approved by the university’s ethical committee.

Written informed consent was obtained from all

enrolled patients.
Patients
During 2 years (01.01.2020e31.12.2021) all consec-

utive patients presenting in 24/7 vascular service of

the Institute of Emergency Medicine (Chisinau,

Moldova), diagnosed with ALI and treated with ur-

gent (<24 hr from admission) revascularization

were prospectively enrolled. The ALI was defined

as suddenly developed perfusion deficit of upper or

lower limb threatening its viability and lasting no

more than 14 days.10 Patients with acute occlusion

of native arteries, vascular reconstructions (autolo-

gous conduit, synthetic bypass, stent, or stent graft)

and peripheral aneurysm were included. Patients

were excluded if they met any of the following

criteria: (1) ALI caused by trauma (including iatro-

genic injuries); (2) ALI associated with aortic dissec-

tion; (3) ALI as a complication of vascular

interventions developed in the early postoperative

period (during the same hospitalization); (4) acute

onset of intermittent claudication. Since the first

COVID-19 cases were confirmed in the Republic of

Moldova in March 2020, all hospitalized patients

were tested with a polymerase chain reaction swab

for SARS-CoV-2 infection. Based on the results of

the test, patients were allocated to one of the two

groups: group Aeinfected and group Be
noninfected. Demographic characteristics and

comorbidities; clinical, imaging, and laboratory

data relevant to the diagnosis and severity of ALI

(in both groups), and COVID-19 (in group A);
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details of revascularization procedure, antithrom-

botic treatment and complications were collected

prospectively and registered in a dedicated database.
Diagnosis and Treatment
Diagnosis of ALI was made clinically by a qualified

vascular surgeon and severity of ischemia was clas-

sified according to the Rutherford categories: grade

Ierest pain without sensory loss and motor deficit;

grade IIAesensory loss without motor deficit, and

grade IIBeany motor deficit.10 Duplex ultrasound

(DUS), computed tomography angiography and dig-

ital subtraction angiographywere used on discretion

of specialist and depending on availability. Direct

pressure measurement in leg compartments was

performed in patients with clinically suspected

compartment syndrome. Chest radiography was

performed in all patients and Brixia score was used

for semiquantitative assessment of pulmonary

involvement in group A.11 Surgical risk was strati-

fied according to the definitions of the American So-

ciety of Anesthesiologists classification.

Open surgical procedures (thrombo-embolec-

tomy, thrombo-endarterectomy, and bypass) were

mostly used for limb revascularization. Completion

imaging was not performed routinely. The percuta-

neous techniques (thrombo-aspiration, balloon

angioplasty, and stenting) were used only occasion-

ally due to its limited availability in emergency

settings. A four-compartment fasciotomy was per-

formed if clinical signs of compartment syndrome

were present or compartment pressure exceeds

30 mm Hg. All patients received antithrombotic

treatment perioperatively, while selection of drugs,

dose, and duration of therapy was done individu-

ally. Internal medicine specialists and intensivists

were responsible for treatment of COVID-19 in

group A according to the protocols available at

that time.
Definitions
Hypertension was defined as systolic blood pressure

>140 mm Hg or diastolic pressure >90 mm Hg,

documented diagnosis or ongoing use of antihyper-

tensive medication. Ischemic heart disease was

defined as the presence of angina pectoris, history

of myocardial infarction, or any coronary artery

revascularization. Atrial fibrillation was defined as

a documented history or characteristic electrocar-

diographic pattern. Diabetes mellitus was defined

by history, treatment with insulin, or with antidia-

betic drugs. Anemia was defined as hemoglobin

<130 g/L for men and <120 g/L for women, and
impaired renal functioneas serum creatinine

>105 mmol/L.

Presumed embolic nature of acute arterial occlu-

sion was determined by operating surgeon based on

history (arterial fibrillation and previous embolic

events); vascular imaging (absence of significant

atheroma/calcification) and distinct embolus

removed during surgery. Popliteal artery aneurysm

was diagnosed if popliteal artery diameter exceeded

15 mm.
Study Outcomes
The results of revascularization were assessed clini-

cally, hemodynamicallyeby determination of

ankle-brachial index (ABI) and anatomicallye
using postoperative DUS (group B only). The com-

posite endpoint of major amputation and/or death

at 30 days after surgery was defined as the main

study outcome. The postoperative ABI value, rein-

terventions, complications, and length of hospital

stay were considered as secondary outcomes.
Statistical Analysis
Categorical variables are presented as absolute

numbers with percentage, and continuous variables

as medians with 25e75% interquartile range or

means ± standard deviation. Difference of medians

was assessed by Mann-Whitney test, difference of

meanseby two-tailed t-test, and difference between

proportionseby Fisher’s exact test. The risk ratio

(RR) is reported to compare the probability of

main outcomes between groups. Association of vari-

ables with outcome was tested in univariable and

multivariable models. Binary logistic regression

with calculation of odds ratios (OR) was used to

analyze association of variables with dichotomous

outcomes. A P-value <0.05 was considered statisti-

cally significant. Statistical analysis was conducted

using ‘‘GraphPad Prism’’ (v. 8.0.1, GraphPad Soft-

ware, San Diego, California, USA) and SPSS 22.0

(SPSS Inc., Chicago, IL, USA) software.
RESULTS
Patient Characteristics
Overall, 147 patients were treated with urgent

revascularization during the study period. After

exclusion of 17 cases, 130 patients (139 limbs with

ALI) were analyzede21 patients (23 limbs) in group

A and 109 patients (116 limbs) in group B (Fig. 1).

The baseline characteristics of the patients are pre-

sented in Table I. Patients in the group A had a

higher prevalence of diabetes mellitus (57.1% in



Fig. 1. Flow-chart demonstrating the inclusion of 130 patients (139 limbs) with ALI.

84 Predenciuc et al. Annals of Vascular Surgery
group A vs. 24.7% in group B, P¼ 0.007) than those

in group B, while atrial fibrillation was diagnosed

more frequently among noninfected patients

(33.3% in group A vs. 74.3% in group B,

P < 0.001). Embolism was considered as a cause of

acute arterial occlusion in the majority of nonin-

fected patients (47.8% in group A vs. 74.1% in

group B, P ¼ 0.02) and, vice versa, thrombosis was

more characteristic for patients with COVID-19

(52.1% in group A vs. 21.5% in group B,

P ¼ 0.004). There were no significant differences

in demographic characteristics and other comorbid-

ities between the 2 groups, nor did the anatomical

site of arterial occlusion, duration, and severity of

ischemia differ significantly between the group A

and group B.

The laboratory data reflected marked systemic

inflammatory reaction among patients with

COVID-19. Median values of neutrophil to lympho-

cytes ratio (NLR) and C-reactive protein were

significantly higher in group A compared to group

B: 11.1 (5.3e24.5) vs. 6.3 (3.4e11), P ¼ 0.01 and

57 (34e119) mg/L vs. 25 (6e48) mg/L, P ¼ 0.001,

respectively. No difference between groups was

found comparing the level of D-dimers and
biomarkers of ischemia: myoglobin, cardiac

troponin I, and serum lactate.

The median time from the debut of COVID-19 to

the clinical manifestations of ALI was 13 (10e17)

days. Twelve patients (57.1%) in group A developed

ALI during the in-hospital treatment for COVID-19

and were transferred from other institutions. At

the moment of presentation to the vascular service

11 (52.3%) patients had symptomatic COVID-19

status, and 12 (57.1%) patients were considered in

severe condition and admitted to the dedicated

intensive care unit (ICU). Pulmonary involvement

characteristic for SARS-CoV-2 infection was diag-

nosed on radiography in 15 (71.4%) cases with me-

dian Brixia score of 7 (3e11) points. It should be

mentioned that 20 (95.2%) patients in group A

were not vaccinated against COVID-19, and 1 pa-

tient had an incomplete vaccination scheme.
Treatment of ALI
Data regarding management of ALI are summarized

in Table II. Patients with COVID-19 had significantly

shorter time fromALI onset till administration of the

first dose of anticoagulant: 8 (2.5e24) hr vs. 15.7



Table I. Demographic, clinic, and laboratory data of study participants

Variable
Total (130 pts,
139 limbs)

Group A (21
pts, 23 limbs)

Group B (109 pts, 116
limbs) P valuea

Age (years) 71 (65e77) 66 (63e74) 71 (65e77) 0.11

Female 44 (33.8%) 7 (33.3%) 37 (33.9%) 1.0

Hypertension 117 (90%) 19 (90.4%) 98 (89.9%) 1.0

Ischemic heart disease 106 (81.5%) 17 (80.9%) 89 (81.6%) 1.0

Atrial fibrillation 88 (67.6%) 7 (33.3%) 81 (74.3%) <0.001

Diabetes mellitus 39 (30%) 12 (57.1%) 27 (24.7%) 0.007

Renal impairment 54 (41.5%) 10 (47.6%) 44 (40.3%) 0.63

Anemia 19 (14.6%) 1 (4.7%) 18 (16.5%) 0.3

ASA 2 10 (7.6%) 0 10 (9.1%) 0.36

ASA 3 86 (66.1%) 15 (71.4%) 71 (65.1%) 0.62

ASA 4 34 (26.1%) 6 (28.5%) 28 (25.6%) 0.78

Upper limb ALI 32 (23%) 6 (26%) 26 (22.4%) 0.78

Lower limb ALI 107 (76.9%) 17 (73.9) 90 (77.5%) 0.78

Supra-inguinal 20 (18.6%) 4 (23.5%) 16 (17.7%) 0.51

Infra-inguinal 87 (81.3%) 13 (76.4%) 74 (82.2%) 0.51

Native artery occlusion 135 (97.1%) 23 (100%) 112 (96.5%) 1.0

Stent/bypass occlusion 4 (2.8%) 0 4 (2.8%) 1.0

Embolism 97 (69.7%) 11 (47.8%) 86 (74.1%) 0.02

Thrombosis 37 (26.6%) 12 (52.1%) 25 (21.5%) 0.004

Popliteal artery

aneurysm

5 (3.5%) 0 5 (4.3%) 0.59

Duration of ALI (hr) 20 (6e96) 16 (6.5e24) 22.5 (5e96) 0.47

Rutherford I 8 (5.7%) 1 (4.3%) 7 (6%) 1.0

Rutherford IIA 43 (30.9%) 6 (26%) 37 (31.8%) 0.8

Rutherford IIB 88 (63.3%) 16 (69.5%) 72 (62%) 0.6

Mean ABI 0.04 ± 0.13 0.05 ± 0.19 0.03 ± 0.12 0.5

NLR 6.8 (3.4e12) 11.1 (5.3e24.5) 6.3 (3.4e11) 0.01

D-dimer (ng/mL) 1,070 (420e3,265) 2,600 (660e7,400) 925 (325e2,755) 0.08

Myoglobin (ng/mL) 157 (73e391) 181 (31e653) 155 (77e325) 0.77

C reactive protein (mg/

L)

30 (9e72) 57 (34e119) 25 (6e48) 0.001

Cardiac troponin I (ng/

ml)

0.43 ± 1.18 0.68 ± 1.96 0.4 ± 1.05 0.59

Serum lactate (mmol/L) 2.0 (1.8e2.3) 2.1 (2.0e2.4) 2.0 (1.8e2.2) 0.15

Continuous variables presented as median (25e75 IQR) or mean (±SD) values.

Categorical variables are calculated per patient or per limb as appropriate.

A P values of less than 0.05 are marked with bold (statistically significant differences).

ASA, American Society of Anesthesiologists; IQR, interquartile range and SD, standard deviation.
aGroup A versus group B.
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(6e72) hr in group B, P ¼ 0.02. Vascular imaging

was performed before intervention only in 5

(23.8%) infected patients compared to 78 (71.5%)

patients in group B, P < 0.001. There were no

significant differences in characteristics of surgical

procedures, anesthesia, and postoperative manage-

ment with exception of more frequent use of

unfractionated heparin in group A.
Primary Outcome
Overall, the composite endpoint of major amputa-

tion and/or death at 30 days after surgery was
registered in 38 (29.2%) patients, significantly

more frequent in infected cohort: 12 (57.1%) pa-

tients in group A versus 26 (23.8%) patients in

group B, RR 2.3 (95% confidence interval [CI]:

1.45e3.94), P < 0.001. Difference in composite

outcome was preponderantly caused by extremely

high mortality in group Ae9 (42.8%) patients,

compared to 17 (15.5%) patients in group B,

P ¼ 0.01. The difference in rate of limb loss was

not statistically significant: 4 (17.3%) limbs were

amputated in COVID-19 patients and 12 (10.3%)

limbsein noninfected patients (P ¼ 0.3). Thus,

among patients undergoing open revascularization



Table II. Management of acute limb ischemia

Variable

Total Group A Group B

P valuea(130 pts, 139 limbs) (21 pts, 23 limbs) (109 pts, 116 limbs)

Time from symptoms to

anticoagulation (hr)

14 (6e62) 8 (2.5e24) 15.7 (6e72) 0.02

Time from presentation

to intervention (hr)

3 (2e7) 2 (2e5) 3 (2e8) 0.42

Vascular imaging (any) 83 (63.8%) 5 (23.8%) 78 (71.5%) <0.001

DUS 53 (40.7%) 2 (9.5%) 51 (46.7%) 0.001

CTA 51 (39.2%) 4 (19%) 47 (43.1%) 0.05

Local anesthesia 54 (41.5%) 10 (47.6%) 44 (40.3%) 0.63

Spinal anesthesia 68 (52.3%) 10 (47.6%) 58 (53.2%) 0.81

General anesthesia 8 (6.1%) 1 (4.7%) 7 (6.4%) 1.0

Thromb (embol)

ectomy

122 (87.7%) 23 (100%) 99 (85.3%) 0.07

Bypass/endarterectomy 12 (8.6%) 0 12 (10.3%) 0.21

Percutaneous

revascularization

5 (3.5%) 0 5 (4.3%) 0.59

Fasciotomy 22 (15.8%) 2 (8.6%) 20 (17.2%) 0.53

Duration of surgery

(min)

70 (60e100) 80 (70e90) 70 (60e108) 0.39

Postoperative anticoagulation

Unfractionated heparin 45 (34.6%) 12 (57.1%) 33 (30.2%) 0.02

LMWH 85 (65.3%) 9 (42.8%) 76 (69.7%) 0.02

Antithrombotic drug at dischargeb

SAPT or DAPT 14/104 0/12 14/92 0.35

OAK 85/104 12/12 73/92 0.66

DPI 5/104 0/12 5/92 1.0

Continuous variables presented as medians (25e75 IQR). IQR, interquartile range

Categorical variables are calculated per patient or per limb as appropriate.

A P values of less than 0.05 are marked with bold (statistically significant differences).

CTA, computed tomography angiography; LMWH, low molecular weight heparin; SAPT, single antiplatelet therapy; DAPT, double

antiplatelet therapy; OAK, oral anticoagulants (warfarin or rivaroxaban); DPI, dual pathway inhibition (rivaroxaban + aspirin).
aGroup A versus group B.
bDenominator is a number of survivors.
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combination of ALI and COVID-19 resulted in

increased 30-day mortalityeRR: 2.7 (95% CI:

1.42e5.31), P ¼ 0.002, but did not lead to signifi-

cantly higher amputation rateeRR: 1.6 (95% CI:

0.59e4.75), P ¼ 0.32.

In the entire study cohort, 4 variables demon-

strated statistically significant association with com-

posite primary outcome in univariable analysis and

were subsequently included in multivariable model

(Table III). Results of logistic regression analysis

demonstrated significant association of COVID-19

and NLR value on admission of >5.4 with negative

outcome of ALI treatment. In group A initial admis-

sion of the patient in the ICU was an independent

risk factor for amputation or/and death.
Secondary Outcomes
Excepting systemic complications which were more

frequently registered among COVID-19 patients: 7
(33%) cases vs. 14 (12.8%) in group B, P ¼ 0.04;

no differences in other secondary outcomes were

observed between groups. The median value of

postoperative ABI in group A was 1.0 (0.3e1.0) vs.

0.94 (0.58e1.0) in group B, P ¼ 0.89; local compli-

cations ratee33.3% vs. 21 (19.2%), P ¼ 0.15;

reintervention ratee2 (8.6%) vs. 11 (9.4%),

P ¼ 1.0; and length of hospitalization e 6 (3e12)

vs. 6 (4e9) days, P ¼ 0.76, respectively.
DISCUSSION

Three systematic reviews regarding management of

ALI in COVID-19 patients were published during

2021e2022 summarizing the results of 36, 9, and

11 studies, respectively.11e13 Single metanalysis

performed by Jain et al., included 11 articles that

reported data on 196 patients with ALI and

SARS-CoV-2 infection.13 At the moment only 4



Table III. Factors significantly associated with 30-days composite outcome of major amputation and/or

death (general cohort and patients with COVID-19)

General cohort (groups A and B)

Variable

Univariate analysis Multivariate analysisa

OR 95% CI P Value OR 95% CI P Value

Atrial fibrillationb 0.37 0.17e0.81 0.01 - - -

Embolism 0.31 0.14e0.69 0.02 0.51 0.21e1.25 0.14

COVID-19 4.25 1.61e11.22 0.002 3.17 1.13e8.91 0.02

NLR >5.4 23.4 8.59e63.6 <0.0001 2.46 1.0e6.03 0.04

COVID-19 patients (group A)

Brixia score �8 25.9 1.2e546.6 0.03 45.8 0.001e798 0.99

ICU admission 16.5 1.76e154 0.01 32 1.56e656 0.02

A P values of less than 0.05 are marked with bold (statistically significant differences).
aBinary logistic regression.
bVariable was not included in multivariate analysis due to high correlation with embolism (risk of multicollinearity).
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published studies have directly compared outcomes

of ALI treatment (amputation, rethrombosis, and

mortality) in COVID-19 positive and COVID-19

negative patients.14e17 Thus, our prospective study

with a sample size of 21 infected and 109 nonin-

fected patients undergoing urgent revascularization

procedure in a single tertiary institution can provide

some additional data to this important issue.

Clinical and demographic characteristics of the pa-

tients with ALI and COVID-19 in our study were

similar to those reported by others.11,12,18 Themajor-

ity of patients were male in a seventh decade of their

life and with multiple comorbidities. Diabetes melli-

tus, hypertension, ischemic heart disease, and

chronic renal disease were diagnosed more

frequently compared to the data provided by Bellosta

et al.19 We found that COVID-19 positive patients

had lower rate of atrial fibrillation and, respectively,

of embolic cause of ALI compared to the noninfected

group. This observation may reflect the dominant

role of endothelial injury and hypercoagulability in

development of SARS-CoV-2 associated thrombosis.

Acute arterial occlusion mostly involved infra-

inguinal segment, leading to immediately threat-

ened limb ischemia (Rutherford IIB category) in

almost 70% of the cases. Upper limb ischemia was

diagnosed approximately in one-quarter of observa-

tions. Other authors11,17 provide similar results with

exception of the study published by Sekar et al.,

where only 29% of cases were categorized as Ruth-

erford IIB.18 It is worth to mention that in our study

anatomic location of arterial occlusion, severity, and

duration of ischemia were similar in infected and

noninfected patients as well as mean preoperative

ABI value. In contrast, Soares et al., reported

mean preoperative ABI of 0.35 in noninfected pa-

tients (39% of cases with viable limbecategory
Rutherford I) compared to mean ABI of 0.05 in pa-

tients with COVID-19.17

The pandemic of SARS-CoV-2 profoundly

affected the logistics of medical care, mostly during

the first waveseuntil wide implementation of

testing and vaccination. Some authors reported sig-

nificant delay in ALI treatment among infected pa-

tients.18 Vice versa, in our study patients from

group A arrived in emergency vascular service

nearly 2 times faster compared to noninfected

cohort. This difference could be explained by the

fact that 57% of the patients with SARS-CoV-2

infection developed ALI during in-hospital treat-

ment for COVID-19. Vascular imaging was per-

formed preoperatively in significantly smaller

proportion of the patients in group A, especially

DUS. However, there was no significant association

of skipped vascular imaging and amputation-free

survival at 30 days: OR: 1.2 (95% CI: 0.56e2.66),

P ¼ 0.61. Positive COVID-19 status influenced the

type and volume of surgical revascularizations. As

it’s shown in Table II, infected patients were not

treatedwith percutaneous techniques, and no surgi-

cal bypasses were performed in this group. This fact

theoretically can be explained by several issues:

limited access to the endovascular suite, attempts

of operating surgeon to minimize the volume of

intervention in a critically ill patient, technical diffi-

culty of complex arterial reconstruction performed

using personal protective equipment, awareness

about reduced success rate of revascularization in

this category of patients, and so on.

Reported outcomes of ALI treatment in patients

with COVID-19 are not uniform. While many

studies6,19e22 highlight excessive rate of major am-

putations (around 60e70%) and mortality (nearly

40e50%), especially in early stage of pandemic,
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other authors provide more optimistic re-

sults.14,16,23 The 30-day mortality rate of 42.8%

observed in our study in group A was close to the

upper limit of 95% CI, determined for overall mor-

tality in the metanalysis by Jain et al.,d0.33 (95%

CI: 0.25e0.42); while the rate of major amputations

was lowerd17.3% in our study versus 43% accord-

ing to pooled results.13 However, this data should be

interpreted with caution due to high grade of het-

erogeneity characteristic for studies included in

metanalysis. The mortality rate in COVID-19 pa-

tients could be hardly influenced by comorbidities,

grade of pulmonary involvement, types of SARS-

CoV-2 and vaccination status, rather than by direct

consequences of ALI. Furthermore, rate of amputa-

tions depends on the following: proportion of upper

and lower limbs in study cohort, severity of

ischemia, type of treatment (revascularization

versus conservative), duration of follow-up and

other. Thus, direct comparison of the outcomes be-

tween studies usually is not possible.

Comparative studies that include both infected

and noninfected patients with ALI provide the op-

portunity for determination of factors associated

with treatment outcomes. Our results generally

are in consonance with those reported by other in-

vestigators. Positive COVID-19 status was signifi-

cantly associated with mortality in current study

(OR: 4.0, 95% CI: 1.48e11.1), in the comparison

study of Soares et al., (hazard ratio: 1.8, 95% CI:

1.0e4.0)17 and according to the results of the single

metanalysis available at the moment (pooled OR:

4.71, 95% CI: 1.1e19.9).13 While in some studies

COVID-19 was an independent predictor of limb

loss,17 our data (OR: 1.8, 95% CI: 0.5e6.2) and re-

sults of the metanalysis (OR: 0.26, 95% CI: 0.02e
3.0) have not demonstrated significant association

between these variables.

In study of Soares et al., theD-dimers level>1,000

md/dL was independently associated with mortality

and limb loss in multivariable analysis.17 Our data

did not demonstrate a statistically significant impact

of D-dimers level upon probability of the composite

outcome. However, we found that NLR of more

than 5.4 was an important predictor of unfavorable

results of ALI treatment in general cohort of the pa-

tients: OR: 2.4 (95%CI: 1.0e6.0). Subgroup analysis

in patients with COVID-19 and ALI provided the sta-

tistically insignificant result (OR: 8.8,P¼ 0.07), prob-

ably due to small sample size. During the last years,

several studies have demonstrated good prognostic

role of NLR in patients withALI, withminimal differ-

ence in reported optimal cut-off values.24e26 Thus, in

study of Taurino et al., the rate of amputation and

mortality at 30 days among patients with NLR >5
was nearly 10 times higher compared to ‘‘low-NLR’’

group.24 In other study, based on the retrospective

analysis of 345 patients with ALI, the NLR �5.4 had

a 90.5%sensitivity and 73.6%specificity for compos-

ite endpoint of a 30-day death or amputation, as well

as significant negative association with amputation-

free survival at 6months and 1 year.25 Recently, Pas-

qui et al., reported similar results using the cut-off

NLR value of � 5.57.26 At the moment, existing evi-

dence confirms the important role of this simple

and universally available biomarker of inflammation

in decision-making process in patients with ALI.

Finally, it is important to note, that at themoment

nearly all ALI cases associated with COVID-19 were

reported among nonvaccinated patients and our

study is not an exception.18,27 Based on this data

and relying on high efficiency of current vaccines

in prophylaxis of severe forms of COVID-19, the

wide-scale vaccination seems to be an important

measure in prevention of cases with dangerous com-

bination of ALI and SARS-CoV-2 infection.
STRENGTHS AND LIMITATIONS

There are several weak points in the current study.

The most important limitation is the small sample

size with a very limited number of observations in

the study group A (ALI and COVID-19). However,

it is a common problem since majority of published

studies in this field are based on comparable number

of included patients. It should be mentioned that

during the pandemic our institution was designated

at the national level as a referral center for all emer-

gency surgical patients infected with COVID-19.

Thus, presented data potentially reflects nationwide

experience from the Republic of Moldova. There is a

chance that large international multicentric pro-

spective registries (i.e., ‘‘Vascular Surgery COVID-

19 Collaborative’’) will provide significantly higher

grade of evidence in the near future. The other lim-

itation is a short-term follow-up and scarce data

regarding the rate of re-thrombosis in group A due

to limited access to postoperative imaging. Despite

these limitations several strengths of present study

could be mentioned: homogenous cohort of the pa-

tients (all cases were treated with urgent revascular-

ization, while patients treated conservatively or

with primary amputation were excluded) and pro-

spective design of data collection.
CONCLUSIONS

Results of our study demonstrate the significant

negative impact of positive COVID-19 status upon
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the 30-day amputation-free survival in patients un-

dergoing urgent surgical revascularization for ALI.

The difference in composite outcome of amputation

and/or death is influenced by the higher rate ofmor-

tality among infected patients, rather than by the

rate of limb loss, that in current study was not

different from noninfected cohort. Since severity

of COVID-19, namely requirement of critical care,

mostly determines the outcome of ALI treatment,

the prevention of severe forms of SARS-CoV-2

infection by vaccination could potentially improve

the amputation-free survival in these patients.
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