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a b s t r a c t

Background: To determine the impact of COVID-19 infection in patients with chronic limb-threatening
ischemia, mainly the limb salvage estimates rate and the overall survival.
Methods: This was a retrospective, consecutive cohort study of chronic limb-threatening ischemia in
patients with COVID-19 infection.
Results: Overall, 35 patients with chronic limb-threatening ischemia and COVID-19 infection were
evaluated. The mean age of the patients was 72.51 years, and most of themwere male (60%), with arterial
hypertension (85.7%), followed by diabetes mellitus (80%) and tobacco user (71.4%). There was a higher
prevalence of wound, ischemia and foot infection (WIfI) classification 4 with 58.8% and Rutherford grade
5 (74.3%). The factors related to overall mortality rate were: D-dimer >1,000 mg/dL (hazard ratio ¼ 22.7, P
< .001, confidence interval ¼ 10.49e26.52), respiratory symptoms (hazard ratio ¼ 16.6, P < .001, confi-
dence interval ¼ 9.87e20.90), chest computed tomography compromising higher than 50% of the pul-
monary tract (hazard ratio ¼ 16,0, P < .001, confidence interval ¼ 10.41e20.55), acute kidney failure
(hazard ratio ¼ 21.58, P < .001, confidence interval ¼ 16.5e30.5), chronic kidney disease (hazard ratio ¼
4.4, P ¼ .036, confidence interval ¼ 1.45e10.1), therapeutic anticoagulation (hazard ratio ¼ 8.37, P ¼ .004,
confidence interval ¼ 1.35e8.45), and WIfI classification (hazard ratio ¼ 5.28, P ¼ .022, confidence
interval ¼ 1.34e10.01). The following were related to limb loss: D-dimer >1,000 mg/mL (hazard ratio ¼
5.47, P ¼ .02, confidence interval ¼ 1.94e10.52), respiratory symptoms (hazard ratio ¼ 5.42, P ¼ .02,
confidence interval ¼ 1.87e10.90), and WIfI classification (hazard ratio ¼ 4.44, P ¼ .035, confidence
interval ¼ 1.34e8.01).
Conclusion: This study concluded that COVID-19 has a catastrophic impact among patients with chronic
limb-threatening ischemia. The main factors related to overall mortality were D-dimer >1,000 mg/dL,
respiratory symptoms, chest computed tomography compromising higher than 50% of the pulmonary
tract, acute kidney failure, chronic kidney disease, therapeutic anticoagulation, and WIfI classification.
The factors related to limb loss were WIfI classification, D-dimer >1,000 mg/mL and respiratory
symptoms.

© 2021 Elsevier Inc. All rights reserved.
Introduction

Since the outbreak of COVID-19 infections, it is well known that
the virus affects disproportionately patients with cardiovascular
disease.1,2 Furthermore, SARS-CoV-2, the causative agent of COVID-
19, has been shown to establish itself in the host by exploiting
angiotensin-converting enzyme 2 as its cellular receptor.3
Ibirapuera, 981, Indian�opolis

hayde Soares).
Moreover, diabetes was present in 42.3% of 26 fatalities due to
COVID-19 in Wuhan, China.4,5

Notwithstanding the COVID-19 pandemic, chronic limb-
threatening ischemia (CLTI) continues to be a life-threatening
condition, requiring appropriate intervention to avoid mortality
and major amputations.5 The impact of COVID-19 infection on pa-
tients with CLTI has not yet been thoroughly studied in the litera-
ture. There are case reports in literature showing that patients with
CLTI are linked to poorer prognosis when infected with SARS-Cov-
2, due to medical comorbidities such as advanced age, hyperten-
sion, cardiovascular disease, and diabetes.5
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Table I
Patient characteristics

Variable Total (N ¼ 35)

Age, years 72.51 ± 10.06
Males 21 (60%)
Hypertension 30 (85.7%)
Diabetes 28 (80%)
Heart disease 21 (60%)
Chronic renal failure 12 (34.2%)
Claudication 13 (37.1%)
WIfI 1 18 (51.4%)
WIfI 2 1 (2.9%)
WIfI 3 3 (8.8%)
WIfI 4 20 (58.8%)
Rutherford grade 10 (29.4%)
4 3 (8.57%)
5 26 (74.3%)
6 6 (14.3%)
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Patients with COVID-19 infection are at risk of developing
disseminated intravascular coagulation and thrombotic complica-
tions.6 There are studies reporting higher failure rate of revascu-
larization surgery in patients with acute limb ischemia, CLTI, and
COVID-19 pneumonia.7 Frequent early recurrent thrombosis and
absence of forefoot microcirculation are also described as factors
related to major amputations.7

Therefore, the main objective of this study was to determine the
impact of COVID-19 infection in patients with CLTI, mainly the limb
salvage estimates rate and the overall survival.

Methods

Study design

The study was approved by the Ethical Committee for Research.
All patients treated in our institution consented to the use of ano-
nymized and aggregate data linked to the data basis for the pur-
poses of research. No further patient contact was required. This was
a retrospective, consecutive cohort study of CLTI patients with
COVID-19 infection admitted at the Vascular and Endovascular
Surgery Service of the Hospital do Servidor Público Estadual de S~ao
Paulo, between March 2020 and March 2021.

Patient data were obtained from the service database using the
Microsoft Access software. The patients’ medical records were also
consulted as necessary. Information regarding the surgical pro-
cedures was obtained from the service database and the patients’
medical records.

Patients

Patients with COVID-19 infection, either symptomatic or
asymptomatic, who were admitted with CLTI at our vascular sur-
gery department. The patients were submitted either to revascu-
larization (endovascular or open surgery), debridement, minor or
major amputations and clinical treatment, depending on the clin-
ical condition of the patient. Initial technical success of angioplasty
was defined as no residual stenosis >30% or dissection at the end of
the procedure, together with the prompt restoration of the circu-
lation in the previously stenotic or occluded artery. Procedures such
as debridement and minor amputations were performed, as
necessary, during hospitalization. The COVID-19 infection was
treated and controlled both by the vascular surgeon team and by
the infectious disease team, and, if necessary, by the intensivist. All
patients admitted at the hospital were submitted to reverse
transcription polymerase chain reaction test for SARS-Cov-2. If
necessary, serologic tests were performed for SARS-Cov-2. Patients
with positive diagnostic for COVID-19 were systematically sub-
mitted to chest CT to stratify the pulmonary infection in less or
more than 50% of the lungs, or normal. Aspirin at a dose of 100 mg/
day and statins were prescribed for all patients before the pro-
cedures and continued after the endovascular surgery. Moreover,
all patients submitted to endovascular therapy received clopidogrel
with a loading dose of 300 mg immediately after the procedure and
a maintenance dose of 75 mg/day for 6 months. Therapeutic anti-
coagulation was administered according to COVID-19 infection and
the patient’s clinical condition.

Wound, ischemia and foot infection classification

Wounds were classified according to the Society for Vascular
Surgery wound, ischemia and foot infection (WIfI) classification
system8 based on 2 blinded and independent providers consensus
at initial presentation. The WIfI classification scores wounds on the
basis of their wound, infection, and ischemia characteristics to
generate a clinical stage that has been shown to correlate with
wound healing.

The indications for angioplasty instead of bypass surgeries were
essentially based on those defined by the TASC-II and the BASIL
study (Bypass versus Angioplasty in Severe Ischaemia of the Leg),8,9

and based on the clinical condition of the patients. Patients with
severe infection of COVID-19 were submitted to clinical treatment
and, in cases of severe infection of the legs, to primary major
amputation.

Major amputation was defined by amputation above the ankle.
Debridements and minor amputations were performed when
necessary. Dressings and antibiotics were administered for patients
to treat their infection related to foot infection.

Outcomes

The primary outcome variable was the limb salvage rate and
overall mortality. The secondary outcome variables were the fac-
tors related to overall mortality, prognosis of the COVID-19 infec-
tion and CLTI and factors related to limb loss.

Statistics

Statistical analyses were performed using SPSS 22.0 for Mac-
Apple (SPSS Inc, Chicago, IL). The frequencies of patients and
descriptive statistics were calculated. The c2 test or Student’s t test
were used for univariate analyses. Analyses of the factors related to
overall mortality rate and limb loss were made by univariate and
multivariable analysis using logistic regression. Statistical signifi-
cance was defined as a P value of < .05.

Results

All patients were evaluated during hospitalization until
discharge or death. Overall, 35 patients with CLTI and COVID-19
infection were evaluated. The mean age of the patients was 72,51
years, and most of them were male (60%). Regarding the comor-
bidities, arterial hypertension was the most prevalent (85.7%), fol-
lowed by diabetes mellitus (80%) and tobacco user (71.4%). There
was a higher prevalence of WIfI classification 4 with 58.8% and
Rutherford grade 5 (74.3%). All of those data are described in Table I.

Regarding the type of treatment performed, 2 (5.7%) patients
were submitted to open bypass surgery (1 iliacfemoral bypass with
Dacron and 1 iliacfemoral bypass with basilic arm vein), 15 patients
(44.1%) were submitted to endovascular treatment, 2 patients to a
hybrid procedure (5.7%), 4 patients to debridements (11.4%), 5 pa-
tients to primary major amputations (14.3%) due to WIfI clinical



Table II
Patients’ treatment data

Variable Total (N ¼
35)

Type of treatment
Open bypass 2 (5.7%)
Endovascular 15 (44.1%)
Hybrid (Femoral endarterectomy þ iliac

angioplasty)
2 (5.7%)

Debridements 4 (11.4%)
Primary major amputations 5 (14.3%)
Clinical treatment 7 (20.6%)
Endovascular arterial segment 15 (44.1%)
Aortoiliac 5 (29.4%)
Femoropopliteal 7 (41.2%)
Infrapopliteal 5 (29.4%)
Lesion location
Toes 20 (64.5%)
Forefoot 7 (22.6%)
Calcaneus 4 (12.9%)

Overall mortality rate 14 (40%)
Major amputation 8 (23.5%)

Table III
Patients; COVID-19 infection data

Variable Total ¼ 35 patients

RT-PCR test positive 18 (52.9%)
IgM positive serology 23 (65.7%)
IgG positive serology 12 (34.3%)
Respiratory symptoms 18 (52.9%)
Chest CT pulmonary
Normal 13 (37.1%)
Less than 50% 12 (34.3%)
Higher than 50% 10 (28.6%)
Acute kidney failure 12 (34.3%)
Anticoagulation usage 33 (94.3%)
Type of anticoagulation
Enoxaparin 16 (45.7%)
Unfractionated heparin 17 (48.6%)
Full anticoagulation 5 (14.3%)
Dexamethasone usage 11 (31.4%)
D-dimer >1,000 mg/dL 18 (51.4%)

CT, computed tomography; RT-PCR, reverse tran-
scription polymerase chain reaction.
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stage 5 (unsalvageable limb at presentation), and 7 patients sub-
mitted to a clinical treatment, without surgery (20.6%). The lesion
location most prevalent were the toes, with 64.5% of cases. The
overall mortality rate was 40%, and the major amputation rate was
23.5% (8 patients), transfemoral amputation 4 patients, and trans-
tibial amputation 4 patients. A subanalysis was performed
regarding the type of treatment and mortality rate. Among the 5
patients submitted to primary major amputations, the mortality
rate was 80% (4 patients died); the patients submitted to clinical
treatment had 42.9% mortality rate (3 patients died). Among the
patients submitted to endovascular treatment, the mortality rate
was 26.7% (4 patients), and in the open surgical group of patients,
there were no deaths. All those data are summarized on Table II.
Regarding the overall mortality rate, 100% of the patients died due
to COVID-19 pneumonia infection. All patients who died with
COVID-19 were ventilator dependent.

Regarding the COVID-19 infection,18 patients (52.9%) had reverse
transcription polymerase chain reaction test for SARS-Cov-2 positive.
Twenty-three patients (65.7%) had a serology immunoglobulin M
(IgM) positive, and 12 patients (34.3%) had a serology immuno-
globulin G (IgG) positive. Eighteen patients (51.4%) had respiratory
symptoms, and 10 patients (28.6%) had a chest CT showing pulmo-
nary infection compromising >50% of the lungs. Five patients (14.3%)
presented acute kidney failure, needing hemodialysis. There were 33
patients (94.3%) who received any kind of anticoagulant drug, most
of them endovenous unfractionated heparin (17 patients, 51.5%), and
therapeutic anticoagulation was administered for 5 patients (14.3%).
Moreover, 11 patients (31.4%) received endovenous dexamethasone.
D-dimer was higher than 1,000 mg/dL in 18 patients (51.4%), mean
1,521 mg/dL. Those data are summarized in Table III.

A univariate and multivariate logistic regression analysis was
performed to analyze the factors related to overall mortality.
Among the factors evaluated, the following were related to overall
mortality rate: D-dimer >1,000 mg/dL (HR ¼ 22.7, P < .001, CI ¼
10.49e26.52), respiratory symptoms (HR ¼ 16.6, P < .001, CI ¼
9.87e20.90), chest CT compromising higher than 50% of the pul-
monary tract (HR ¼ 16,0, P < .001, CI ¼ 10.41e20.55), acute kidney
failure (HR ¼ 21.58, P < .001, CI ¼ 16.5e30.5), chronic kidney dis-
ease (HR ¼ 4.4, P ¼ .036, CI ¼ 1.45e10.1), therapeutic anti-
coagulation (HR ¼ 8.37, P ¼ .004, CI ¼ 1.35e8.45), and WIfI
classification (HR ¼ 5.28, P ¼ .022, CI ¼ 1.34e10.01). These data are
summarized in Table IV.

Patients with WIfI 3-4 had higher mortality rate than WIfI 1-2
(38.2% vs 2.9%, P ¼ .009), in a crosstabs analysis. Furthermore,
patients who received therapeutic anticoagulation had higher
mortality rate than patients who received prophylactic doses (100%
vs 30%, P ¼ .006), in a crosstabs analysis. Among the patients with
D-dimer higher than 1,000 mg/dL, 88.9% had pulmonary symptoms
(P < .001), and 55.6% had chest CT showing pulmonary infection
compromising >50% of the lungs (P ¼ .001).

Regarding major amputation rates, patients with WIfI 3-4 had
higher incidence rates than WIfI 1-2 (27.5% vs 0%, P ¼ .01).
Furthermore, D-dimer >1,000 mg/dL was also related to higher
amputation levels than D-dimer <1,000 mg/dL (20.6% vs 2.9%, P ¼
.018), in a crosstabs analysis. Among the patients submitted to
endovascular treatment, there was a 13.3% major amputation rate
(2 patients); in the surgical group of patients, there were no major
amputations, and in the clinical group of patients, there was a 14.2%
major amputation rate (1 patient).

Moreover, a univariate and multivariate logistic regression also
was performed to test the factors related to major amputation rate.
Among the factors evaluated, the following were related to limb
loss: D-dimer >1,000 mg/mL (HR ¼ 5.47, P ¼ .02, CI ¼ 1.94e10.52),
respiratory symptoms (HR ¼ 5.42, P ¼ .02, CI ¼ 1.87e10.90), and
WIfI classification (HR ¼ 4.44, P ¼ .035, CI ¼ 1.34e8.01). These data
are summarized in Table V.

We have performed a control group with CLTI patients treated
during the same timeframe 1 year before the onset of the COVID
pandemic in our vascular department; 95 infrapopliteal endovas-
cular procedures were performed in 95 patients. The mean age was
72.97 ± 8.3 years, with higher prevalence of male gender (55.6%).
Regarding the WIfI classification subanalysis, there were 22 pa-
tients WIfI 1-2 (23.2%) and 73 patients WIfI 3-4 (76.8%). The overall
mortality rate was 2.1%. The limb salvage rate at 360 days was
92.6%. A simple comparison among this present study, showing a
40% overall mortality rate, demonstrates an almost 20-fold increase
in mortality rate, and a major amputation rate of 23.5%, demon-
strating a 3-fold increase in limb loss rate with the same period 1
year before the COVID-19 pandemic crisis.
Discussion

The recent COVID-19 pandemic has significantly increased
pressure on the healthcare system around the world, leading to
important changes in the treatment of patients without COVID-19,
resulting in themost difficult access to carewith delays in diagnosis
and treatment.8,10 Especially patients with CLTI require rapid
revascularization to avoid tissue loss and amputation. Some pub-
lications reported that the number of amputations performed in



Table IV
Logistic regression analysis of factors associated with overall mortality rate

Variable Univariate analysis Multivariate analysis

B HR 95% CI P B HR 95% CI P

Rutherford classification 0.988 0.065 0.330e2.760 .931 0.597 0.065 0.226e10.060 .880
D-dimer >1,000 mg/dL 1.805 22.7 10.49e26.52 <.001 1.296 22.7 10.49e26.52 <.001
Chronic kidney disease 1.592 4.40 1.45e10.1 .036 2.592 4.40 1.45e10.1 .036
Diabetes
WIfI classification
Respiratory symptoms Chest CT >50%
Acute kidney failure
Therapeutic anticoagulation

0.546
3.047
2.285
1.888
2.907
20.220

0.220
5.280
5.422
16.0
21.58
8.370

0.341e1.272
1.34e10.01
9.87e20.90
10.41e20.55
16.5e30.5
1.35e8.45

.339

.022
<.001
<.001
<.001
.004

0.564
4.089
2.185
1.978
2.796
20.220

0.220
5.280
5.422
16.0
21.58
8.370

0.311e14.294
1.34e10.01
9.87e20.90
10.41-20.55
16.5-30.5
1.35e8.45

.339

.022
<.001
<.001
<.001
.004

CI, confidence interval; CT, computed tomography; HR, hazard ratio.

Table V
Logistic regression analysis of factors associated with limb loss

Variable Univariate analysis Multivariate analysis

B HR 95% CI P B HR 95% CI P

Rutherford classification 0.988 0.065 0.330e2.760 .931 0.597 0.065 0.226e10.060 .880
D-dimer >1,000 mg/dL 3.805 5.47 1.94e10.52 .02 3.296 5.47 1.94e10.52 .02
Chronic kidney disease 3.582 0.220 0.45e10.1 .89 0.592 0.40 0.45e10.1 .98
Diabetes
WIfI classification
Respiratory symptoms Chest CT >50%
Acute kidney failure

1.646
3.047
4.286
2.888
3.907

1.220
4.40
5.420
0.898
1.58

0.341e1.272
1.34e8.01
1.87e10.90
0.41e20.55
065e30.5

.339

.035

.02

.78

.98

1.564
5.089
4.185
12.978
1.796

1.220
4.40
5.420
16.0
0.220

0.311e14.294
1.34e8.01
1.87e10.90
0.41e20.55
0.509e3.5

.339

.035

.02

.78

.98

CI, confidence interval; HR, hazard ratio.
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2020 was significantly greater than the number performed in the
same period in 2019, an increase of almost 50%.10,11 Similarly, in this
present article we have noticed an increase in amputation rate,
higher than 50%, when compared to past articles published in our
department in 2016, 2018, and 2019 (23.5%; 7.7%,10%,11%).12e14 The
possible explanation to this increased amputation rate may be
related to an introduction of the lockdown in Brazil, which led to
the closure of outpatient activities and prevented early observation
of patients with CLTI. Patients arrived with more severe forms of
CLTI, such as septic ulcers and gangrene, at our vascular surgery
department. Furthermore, COVID-19 infection is related to throm-
botic complications. Patients infected by this disease are at risk of
developing disseminated intravascular coagulation.15 Increased
levels of D-dimer and fibrin degradation products and prolonged
prothrombin time have been associated with poor prognosis in
patients affected by the novel coronavirus.7 Similarly, in this pre-
sent study, D-dimer >1,000 mg/dL was related to higher major
amputation rates than D-dimer <1,000 mg/dL (20.6% vs 2.9%, P ¼
.018). These patients had more severe clinical conditions; some of
them were submitted to primary major amputation, without
attempt for revascularization, due to high risk and irreversible
conditions of the limbs. Another factor related to major amputation
rate in this present study was WIfI 3-4, both in a crosstabs analysis
and in a logistic regression. Those data are comparable with overall
literature, especially in patients with COVID-19 infection, whose
severe clinical conditions make the revascularization procedures
and limb salvage even more difficult. In the overall litera-
ture,11,15,16,17 the WIfI classification was considered more important
to limb salvage rates and ulcer/wound healing rates than angio-
some concept. Moreover, the WIfI classification 1-2 was associated
with faster and higher wound/ulcer healing rates than WIfI classi-
fication 3-4. The time to heal the ulcer was faster in the WIfI 1-2
groups than WIfI 3-4 groups (164.82 days vs 251.48; P ¼ .017).
Furthermore, WIfI stage is strongly associated with wound healing,
improvement of Rutherford stage, amputation rate, and long-term
mortality.12,15,16 In patients with COVID-19 and concomitant CLTI,
the WIfI stage continues to be a predictor or mortality and major
amputations.

Another result that needs further discussion is the high overall
mortality rate among patients with CLTI and COVID-19 infection. D-
dimer >1,000 mg/dL and therapeutic anticoagulation were associ-
ated with overall mortality rate (HR ¼ 22.7, P < .001, CI ¼
10.49e26.52; HR ¼ 8.37, P ¼ .004, CI ¼ 1.35e8.35, respectively).
Reported evidence of coagulopathy in COVID-19 infection showed
increased levels of D-dimer, lactate dehydrogenase, mild to no
changes in PT and PTT, and increased levels of antiphospholipid
antibodies.17,18 A recent systematic review19,20 showed that
elevated levels of D-dimer in patients with COVID-19 are associated
with poor prognosis. According to this study, the latest literature
review suggests that the D-dimer test can be a reliable predictor of
thrombosis growth in COVID-19 and its prognosis. Similarly, ther-
apeutic anticoagulation in this present study was associated with a
higher mortality. These findings are similar to those found by Lopes
et al,21 in a study comparing the efficacy and safety of therapeutic
versus prophylactic anticoagulation in patients hospitalized with
COVID-19. The authors concluded that in-hospital therapeutic
anticoagulation with rivaroxaban or enoxaparin followed by rivar-
oxaban to day 30 did not improve clinical outcomes and increased
bleeding compared with prophylactic anticoagulation. Therefore,
use of therapeutic-dose rivaroxaban, and other direct oral antico-
agulants, should be avoided in these patients in the absence of an
evidence-based indication for oral anticoagulation. Furthermore,
the higher mortality rate associated with patients under thera-
peutic anticoagulation should be explained by the severe clinical
condition of these patients and the pro-coagulation clinical status.

Another factor related to overall mortality rate in the present
article was acute and chronic kidney failure (HR ¼ 21.58, P < .001,
CI ¼ 16.5e30.5; HR ¼ 4.4, P ¼ .036, CI ¼ 1.45e10.1). These data
regarding kidney dysfunction and COVID-19 infection mortality
rate are comparable with the global literature. A recent meta-
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analysis by Ali et al22 showed that mortality is significantly higher
in patients with COVID-19 with severe acute kidney injury. Ac-
cording to this meta-analysis, acute kidney injury stage III occurred
in 14/701 (2%) of the patients and was associated with an increased
risk of in-hospital mortality (hazard ratio ¼ 9.81, 95% CI
5.46e17.65). Another meta-analysis23 showed significant associa-
tion of chronic kidney disease with severe COVID-19, with no
relevant heterogeneity (OR 3.03 [95% CI 1.09e8.47], I2¼0.0%,
Cochran’s Q, P¼0.84). The authors concluded that chronic kidney
disease should be regarded as an important factor in future risk
stratification models for COVID-19.

In the present study, overall mortality was 40%, and patients
with chest CT scan showing severe pulmonary disease and pul-
monary symptomatic patients were related to overall mortality in a
logistic regression analysis. These data are similar to those found in
several studies in literature,23,24 especially a Brazilian study among
250,000 patients hospital admissions for COVID-19. The authors
showed that in-hospital mortality was 38% (87,515 of 232,036 pa-
tients) overall, 59% (47,002 of 79687) among patients admitted to
the ICU, and 80% (36,046 of 45,205) among those who were me-
chanically ventilated. Moreover, in-hospital mortality among pa-
tients younger than 60 years was 31% (4,204 of 13,468) in the
Northeast versus 15% (1694 of 11196) in the South.

This study has some limitations, mainly the sample size and
noncomparable analysis with patients with CLTI and nonconcomitant
COVID-19 infection. Notably, very few studies have analyzed the
impact of COVID-19 infection among patients with CLTI.

In conclusion, this study concluded that COVID-19 has a cata-
strophic impact among patients with CLTI. The main factors related
to overall mortality were D-dimer >1,000 mg/dL, respiratory
symptoms, chest CT compromising higher than 50% of the pulmo-
nary tract, acute kidney failure, chronic kidney disease, therapeutic
anticoagulation, and WIfI classification. The factors related to limb
loss were WIfI classification, D-dimer >1,000 mg/mL, and respira-
tory symptoms.
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