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Acute limb ischemia in patients with COVID-19 pneumonia
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ABSTRACT
Objective: The aim of our study was to determine the incidence, characteristics, and clinical outcomes of patients with
the novel coronavirus (COVID-19) infection who had presented with and been treated for acute limb ischemia (ALI) during
the 2020 coronavirus pandemic.

Methods: We performed a single-center, observational cohort study. The data from all patients who had tested positive
for COVID-19 and had presented with ALI requiring urgent operative treatment were collected in a prospectively
maintained database. For the present series, successful revascularization of the treated arterial segment was defined as
the absence of early (<30 days) re-occlusion or major amputation or death within 24 hours. The primary outcomes were
successful revascularization, early (#30 days) and late ($30 days) survival, postoperative (#30 days) complications, and
limb salvage.

Results: We evaluated the data from 20 patients with ALI who were positive for COVID-19. For the period from January to
March, the incidence rate of patients presentingwithALI in 2020was significantly greater than that for the samemonths in
2019 (23of 141 [16.3%] vs 3 of 163 [1.8%]; P< .001)].Of the20 includedpatients, 18weremen (90%)and twowerewomen (10%).
Their mean age was 75 6 9 years (range, 62-95 years). All 20 patients already had a diagnosis of COVID-19 pneumonia.
Operative treatment was performed in 17 patients (85%). Revascularization was successful in 12 of the 17 (70.6%). Although
successful revascularization was not significantly associated with the postoperative use of intravenous heparin (64.7% vs
83.3%; P ¼ .622), no patient who had received intravenous heparin required reintervention. Of the 20 patients, eight (40%)
haddied in thehospital. Thepatientswhohaddiedwere significantly older (816 10 years vs 716 5 years; P¼ .008). Theuseof
continuous postoperative systemic heparin infusion was significantly associated with survival (0% vs 57.1%; P ¼ .042).

Conclusions: In our preliminary experience, the incidence of ALI has significantly increased during the COVID-19
pandemic in the Italian Lombardy region. Successful revascularization was lower than expected, which we believed
was due to a virus-related hypercoagulable state. The use of prolonged systemic heparin might improve surgical treat-
ment efficacy, limb salvage, and overall survival. (J Vasc Surg 2020;72:1864-72.)
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Acute lower extremity ischemia (ALI) is a common
vascular emergency.1 The etiology of ALI can be multifac-
torial, with thrombotic occlusion generally occurring in
the setting of a previously treated arterial segment or
associated with atherosclerotic arterial disease.2 Patients
with hypercoagulable states are known to have a risk of
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native arterial thrombosis, one of the most challenging
of ALI scenarios to treat.3 A recent analysis of a large data-
base showed improved overall in-hospital mortality and
early amputation rates. However, in the context of a hy-
percoagulable state, the surgical decisions and related
clinical outcomes have been poorly reported.1

The novel coronavirus pneumonia (COVID-19)
pandemic has affected the globe, with Italy leading
many reports of the incidence and mortalities. Within a
few weeks in March 2020, the number of patients with
the COVID-19 skyrocketed in northern Italy, especially in
the Lombardy region, which has been speculated to
have resulted from the older population in that region.
Recently reported studies have described the clinical
characteristics and overall outcomes of patients with
COVID-19 and the effects of treating these patient on
the healthcare system.4 Two studies have reported asso-
ciated coagulopathy disorders. These reports have high-
lighted the presence of a coexisting hypercoagulable
state in patients with COVID-19, which might be
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ARTICLE HIGHLIGHTS
d Type of Research: Single-center, observational
cohort study

d Key Findings: The novel coronavirus (COVID-19)
might increase the incidence of acute limb ischemia
(ALI) in patients who test positive for the virus. Surgi-
cal revascularization was associated with a high
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associated with higher mortality.5,6 A sudden and signif-
icant increase of COVID-19einfected patients who were
presenting with ALI has been noted at our institutions
with the viral spread. The aim of the present study was
to determine the incidence, characteristics, and clinical
outcomes of patients presenting with and treated for
ALI during the COVID-19 pandemic at an Italian tertiary
care hospital.
technical failure rate in our cohort, which might
have resulted from an inherent virus-related underly-
ing hypercoagulability state. No significant demo-
graphic differences between those with and
without successful revascularization were present in
our cohort; however, age was significantly older for
the patients who died.

d Take Home Message: COVID-19 infection might in-
crease the incidence of ALI and be associated with
poorer surgical results owing to the associated ac-
quired hypercoagulability. Prolonged systemic hepa-
rin might be warranted for both limb salvage and
improved survival.
METHODS
We performed a single-center, observational cohort

study. Because of the clinical emergency setting caused
by the current pandemic, the local institutional review
board approved the present prospective study (protocol
no. PO-CVA-08), and all included patients had provided
written informed consent. The data from all patients
who had tested positive for COVID-19 and had presented
with ALI requiring urgent operative intervention were
collected in a prospectively maintained database. Data
entry was managed by the physicians involved in direct
patient care. For our study, the data from all the patients
who had presented with and been treated for ALI were
identified and analyzed. From an epidemiological view-
point, we also compared the data with data from the
same period in 2019. The recorded variables included
demographic data, comorbidities, laboratory blood test
results, including coagulation panels, medical and surgi-
cal history, operative details, and postoperative events
during hospitalization and the immediate postoperative
period.

Preoperative evaluation. According to our standard-
ized program, all patients with a clinical suspicion
for aortoiliac and/or infrainguinal ALI and/or upper
limb ischemia underwent routine preoperative
screening blood tests, including creatine phosphoki-
nase and D-dimer, and chest radiographs and electro-
cardiography. Preoperative computed tomography
was performed to identify COVID-19-related pneu-
monia (Fig 1). These studies were performed in the
emergency room to avoid cross-contamination and
unnecessary risk of viral spread. Patients with sus-
pected aortoiliac occlusion underwent computed to-
mography angiography to assess the extent of disease
and vessel size (Fig 2, A and B). Those patients who
had presented with infrainguinal and/or upper limb
occlusive disease underwent echocardiographic color
Doppler evaluation of both the arterial and the venous
systems. Also, during the course of hospitalization, all
patients were screened for the identification of even-
tual cardiac emboli sources using transthoracic echo-
cardiography. The operative risk profile was
determined using a multidisciplinary evaluation,
which included the physical examination and labora-
tory blood test results.
Operative techniques. Open surgical intervention was
performed in the operating room with the patient under
locoregional or local anesthesia and intravenous seda-
tion, using 80 U/kg of intravenous heparin at arterial
clamping and routine antibiotic prophylaxis. All patients
received oxygen support. At the time of the present anal-
ysis, no patient had required preemptive intubation
because of COVID-19-related pneumonia. In the patients
with aortoiliac or femoropopliteal occlusion, a standard
groin incision was used to expose the femoral bifurca-
tion. We selectively used a below-the-knee incision to
expose the popliteal artery in patients with isolated
popliteal-tibial occlusion. Upper limb ischemia was
treated through direct open brachial artery exposure.
Thromboembolectomy was performed using standard
embolectomy catheters (Le Maitre, Burlington, Mass),
sized according to the location of the occlusion. In all
cases, completion angiography was performed through
the surgical access (Fig 2, C). Tibial arteries and/or fore-
arm vessels were approached selectively in cases of distal
occlusion. Fasciotomy was not routinely performed. In
those with distal occlusion, especially those with the
typical aspect of a desert foot, our protocol has been
augmented with intra-arterial locoregional thrombolysis
using alteplase (Actilyse; Boehringer Ingelheim Italia SpA,
Milan, Italy) at 20 mg/20 minutes. The postoperative
antithrombotic regimen has been standardized, with the
most recent patients receiving an anticoagulation
regimen consisting of continuous intravenous heparin
infusion. In the case of a less than 80% basal level of
antithrombin III, 500 U of antithrombin III was infused for
10 minutes before starting the continuous intravenous
heparin to reach an activated partial thromboplastin



Fig 2. Preoperative computed tomography angiography with volume rendering 3-dimensional reconstruction (A)
showing the presence of intraluminal thrombus (B) at the infrarenal aorta (white arrow), total occlusion of the
popliteal segment (white dotted arrows), and the absence of tibial vessels, bilaterally. Final completion angiogram
showing the morphological aspect of “desert foot” after large amount of thrombus removal for femoral-popliteal-
tibial occlusion that required selective thrombectomy of all tibial vessels bilaterally.

Fig 1. Preoperative computed tomography scan of a 66-year-old man with COVID-19-related pneumonia and
acute limb ischemia. Transverse and coronal thin-section scans show extensive ground-glass opacities of both
lungs.
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time of 2.5 seconds. The thrombi retrieved from each
patient were sent for histologic evaluation (Fig 2). Post-
operative surveillance was performed with physical
examinations every hour and full blood panel tests every
8 hours. Transfusions of packed red blood cells were
given only if the hemoglobin level had decreased to less
than 8 g/dL. An infectious disease specialist evaluated
each patient regularly during the entire hospitalization
course to optimize the type, dosage, and duration of
antibiotic and antiretroviral therapy. At discharge, all
patients were given enoxaparin sodium injections
(Clexane; Sanofi SpA, Milan, Italy) for home use at a
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therapeutic dosage. Follow-up and surveillance imaging
will include clinical visits with determination of the
ankle-brachial index and duplex ultrasound examination
at 1, 6, and 12 months after treatment and then annually.
Any change in the examination findings or ankle-
brachial index or suspicion of a loss of patency will be
confirmed using duplex ultrasonography and computed
tomography angiography.

Definition and primary outcomes. The clinical status
was defined using the Rutherford classification system.6

The medical comorbidity grade and operative out-
comes were defined in accordance with the recom-
mended reporting standards and best practice
documents from the Society for Vascular Surgery (SVS)
and European Society for Vascular Surgery.7,8 Complica-
tions were recorded as perioperative (<30 days) or late
(>1 month) and classified as graft-related or procedure-
related. The complications were described as mild
(spontaneous resolution or with nominal intervention,
did not prolong the hospital stay, and/or did not cause
permanent disability), moderate (required significant
intervention, prolonged hospitalization for >24 hours,
resulted in a minor amputation, or was associated with a
minor disability that did not interfere with normal daily
activities), or severe (necessitated a major surgical,
medical, and/or endovascular intervention or resulted in
prolonged convalescence, major amputation, perma-
nent disability, or death). Major amputations were clas-
sified as transfemoral or transtibial. Minor amputations
were any toe or forefoot amputation and were not
considered in the analysis of freedom from amputation.
Successful revascularization of the treated segment was
defined as the absence of early (<30 days) reocclusion or
persistent forefoot ischemia or major amputation or
death within 24 hours. The primary outcomes were
successful revascularization, early (<30 days) and late
survival, postoperative (<30 days) complications, and
limb salvage at the last clinical evaluation available at
least 7 days after revascularization.

Statistical analysis. The clinical data were prospectively
recorded and tabulated in a Microsoft Excel database
(Microsoft Corp, Redmond, Wash).9 Statistical analysis
was performed using SPSS, release 25.0, for Windows
(IBM Corp, Armonk, NY). Continuous variables were
tested for normality using the Shapiro-Wilk test. Vari-
ables that were normally distributed are presented as
the mean 6 standard deviation and range. Non-normally
distributed variables are presented as the median and
interquartile range. Categorical variables are presented
as frequencies and percentages. Categorical variables
were analyzed using a c2 test or Fisher’s exact test, as
necessary. An independent samples Student t test was
used for continuous variables. A Wilcoxon signed-rank
test was used to evaluate the difference in blood test
results before and after revascularization. All reported
P values are two-sided, and P < .05 was considered to
indicate statistical significance.9
RESULTS
Study cohort. We evaluated the data from 20 patients

with ALI who had COVID-19-related pneumonia. During
the same period, 3 patients were treated for ALI who
had tested negative for COVID-19. For historical context,
during 2019, only 27 of 630 arterial interventions (4.3%)
were performed for ALI. Also, during the calendar period
of January to March, the incidence rate of patients
presenting with ALI in 2020 was significantly higher
(23 of 141 [16.3%] vs 3 of 163 [1.8%] in the same months in
2019; P < .001). The present study cohort included 11 pa-
tients who had presented to our emergency department
and nine who had been transferred from other hospitals.
Of the 20 patients, 18 were men (90%) and two were
women (10%). Their mean age was 75 6 9 years (range,
62-95 years). The demographic data, comorbidities, and
risk factors, are reported in Table I. In brief, all 20 patients
had already presented with COVID-19-related pneu-
monia as documented by the preoperative computed
tomography scan. All patients with a medical history
positive for atrial fibrillation (n ¼ 5; 25%) were taking oral
anticoagulation at admission. Of those patients with
previous peripheral vascular intervention (n ¼ 4; 20%), an
occluded graft was not determined as the only or lead-
ing reason for the occlusion causing ALI. The mean
arterial oxygen pressure was 66 6 21 mm Hg (range,
31-110 mm Hg). The median interval to transfer from an
outside hospital was 120 minutes (interquartile range,
67-168.7 minutes). The ALI stage at admission was
Rutherford stage IIa in 2 patients (10%), IIb stage in
15 patients (75%), and stage III in 3 patients (15%). The
mean preoperative SVS score was 6 6 4 (range, 1-15).

Treatment details. Three patients (15%) did not un-
dergo revascularization. These patients had had severe
COVID-19-related pneumonia, and intervention was not
performed owing to their moribund condition (mean ox-
ygen pressure, 47 mmHg; mean SVS score, 8.3; and Ruth-
erford stage III [2 patients]). Operative treatment was
performed in 17 patients (85%). Local anesthesia with
sedation was used for 15 patients (88.2%) and locore-
gional anesthesia for two patients (11.8%). Thromboem-
bolectomy was performed for infrainguinal occlusion in
11 patients (64.7%), bilateral aortoiliac occlusion in 3 pa-
tients (17.6%), and upper limb occlusion in 1 patient
(5.9%). Below-the-knee femoropopliteal bypass was per-
formed in two patients (11.8%). Selective tibial vessel
thrombectomy was performed in five patients (29.4%)
and additional intraoperative thrombolysis in four pa-
tients (23.5%). Adjunctive procedures included place-
ment of aortoiliac kissing stents in 2 patients because of
nondetachable residual clots, femoral endarterectomy in



Table I. Demographic data, comorbidities, and risk factors
for entire cohort (N ¼ 20)

Variable Value

Demographic

Gender

Male 18

Female 2

Age, years 75 6 8

Age group, years

60-69 5 (25)

70-79 8 (40)

$80 6 (30)

Comorbidities

Hypertension 11 (55)

Atrial fibrillation 5 (25)

CKD (eGFR <30 mL/min)a 4 (20)

Previous vascular surgery 4 (20)

FP stent/stent graft 2

AbF bypass 1

FP btk bypass 1

Obesity (BMI >30 kg/m2) 4 (20)

Diabetes 3 (15)

COPD (Glass stage $3)b 2 (10)

Coronary artery disease 2 (10)

Risk factors

SVS scorec 6 6 4

Ischemia time, minutes

Median 120

IQR 67-168.7

Hospital distance, km 48 6 25

Preoperative blood parameters

Hemoglobin, g/dL 13.8 6 7.6

Leukocytes, 103/mm3 14 6 2

D-dimer, ng/mL

Median 2200

IQR 158-301

Platelets, 103/mL 239 6 82

CPK, U/L 6479 6 2143

Data presented as number (%), mean 6 standard deviation, or median
and IQR.
AbF, Aortobifemoral; BMI, body mass index; btk, below-the-knee; CKD,
chronic kidney disease; COPD, chronic obstructive pulmonary disease;
CPK, creatine phosphokinase; eGFR, estimated glomerular filtration
rate; FP, femoropopliteal, IQR, interquartile range; SVS, Society for
Vascular Surgery.
aAnn Intern Med 2009;150:604-12.
bAvailable at: http://www.goldcopd.org.
cJ Vasc Surg 2015;61:2S-41S.
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1 patient, and below-the-knee popliteal percutaneous
transluminal angioplasty in 1 patient. At completion
angiography, no critical chronic atherosclerotic obstruc-
tive lesion was observed and no anastomotic defects
were observed in the surgical or endovascular graft
already implanted. Postoperatively, all patients received
systemic anticoagulation with a weight-adjusted thera-
peutic regimen of low-molecular-weight heparin (n ¼ 11)
or intravenous heparin infusion (n ¼ 6). No bleeding
complications were observed. All the patients had
macroscopic evidence of black- and gray-striped
thrombus (Fig 3). All thrombi were sent for histologic
examination.

Mortality. Of the 20 patients, eight (40%) had died in-
hospital; the cause of death is reported in Table II. The
patients who had died were significantly older (81 6

10 years vs 71 6 5 years; P ¼ .008), with the mortality rate
for those aged 80 years or older significantly greater than
that for those younger than 80 years old (83% vs 21.4%;
P ¼ .018). On univariate analysis, no comorbidity or risk
factors was associated with mortality. The preoperative
SVS score (7.7 6 4.9 vs 4.6 6 3; P ¼ .091) and preoperative
creatine phosphokinase value (12,056 vs 3437; P ¼ .083)
showed a tendency to be associated with mortality;
however, the differences were not statistically significant.
In contrast, on univariate analysis, the use of intravenous
heparin was significantly associated with survival (0%
vs 57.1%; P ¼ .042).

Revascularization. Revascularization was successful in
12 of the 17 patients (70.6%) treated. During hospitaliza-
tion, 2 of 15 patients (13%) had undergone reintervention
because of a recurrent thrombotic occlusion of the
treated arterial segment on postoperative days 1 and 2.
No ipsilateral deep venous thrombosis was detected in
patients with desert foot or in those who had developed
recurrent thrombotic occlusion. Overall, limb salvage was
obtained for 14 of 15 patients (93.3%). Amajor amputation
was needed in one patient, an 81-year-old man who had
been transferred to our institution 450 minutes after
symptom onset and for whom the attempted revascu-
larization had been unsuccessful. Univariate analysis
showed no significant differences in comorbidities or the
SVS risk profile between those with and without suc-
cessful revascularization (P ¼ .739). The presence of
COVID-19-related pneumonia was not significantly asso-
ciated with successful revascularization (45.4% vs 66.7%;
P ¼ .620). In contrast, the preoperative oxygen pressure
was significantly lower in those without successful
revascularization (46 6 8 mm Hg vs 76 6 17 mm Hg; P ¼
.004). Although successful revascularization was not
significantly associated with the postoperative use of
intravenous heparin (64.7% vs 83.3%; P ¼ .622), no patient
who had received intravenous heparin required
reintervention.

DISCUSSION
The main findings from this preliminary phase of

COVID-19 health emergency are twofold. First, the num-
ber of patients in our population presenting with ALI
has significantly increased compared with the same

http://www.goldcopd.org


Table II. Cause of mortality for entire cohort (N ¼ 20)

Pt. No. Gender
Age,
years

COVID-19-related
pneumonia

Anatomic
location Complication

Interval to
death

(days from
admission)

Cause of
death

Treated

5 M 81 Yes Aortoiliac and
infrainguinal

No 0 MOF

6 M 87 Yes Upper limb Reocclusion, lower limb
ischemia

8 ARDS

9 M 69 Yes Infrainguinal Reintervention 4 ARDS

10 M 89 Yes Infrainguinal No 2 ARF

14 M 76 Yes Infrainguinal No 1 MOF

Untreated NA

12 F 65 Yes Infrainguinal 3 AMI

13 F 94 Yes Infrainguinal 1 ARDS

16 M 84 Yes Infrainguinal 1 ARDS

AMI, Acute myocardial infarction; ARDS, acute respiratory distress syndrome; ARF, acute renal failure; F, female; M, male; MOF, multiple organ failure;
NA, not applicable; Pt. No., patient number.

Fig 3. Thrombus (A and B) specimen after aortoiliac-femoropopliteal thrombectomy and bilateral selective tibial
artery thrombectomy.
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period in 2019. Second, the high rate of clinical and tech-
nical failure was consistent with the presence of a hyper-
coagulable state triggered by COVID-19 infection.
The relationship between COVID-19 infection and hy-

percoagulability has been recently addressed in prelimi-
nary observations. The study by Tang et al5 showed that
abnormal coagulation results, characterized by a mark-
edly elevated D-dimer level and fibrin degradation prod-
ucts, are common in patients who have died of COVID-
19-related pneumonia. Han et al6 showed that coagula-
tion function is significantly deranged compared with
healthy uninfected people and that monitoring coagula-
tion parameters could enable early identification of se-
vere cases. None of the previous studies has reported
observations of hypercoagulable status in patients with
COVID-19 undergoing surgery.
We believe, from our direct experience, that patients

who test positive for COVID-19 could experience a hyper-
coagulable state that could increase the incidence and
extension of native arterial occlusion. Previous (pree
COVID-19) studies have reported that the overall inci-
dence of ALI has declined significantly in the past
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decade and that the presence of a hypercoagulable state
is an uncommon etiology among the broad population
presenting with ALI.2,10 However, in our early experience,
we have evaluated a significantly greater number of pa-
tients with from ALI compared with the same period in
2019 before COVID-19. If the pandemic continues as pre-
dicted, this emergency will extend until the end of the
calendar year. Undoubtedly, this will translate into the
evaluation and surgical intervention of w171 cases. This
would be greater than 30% of the projected total inter-
ventions or a fivefold increase if compared with all of
2019 (Fig 4). Additionally, although a hypercoagulable
state has been preferentially associated with venous
thromboembolism, our patients with COVID-19 had
both arterial and venous vascular system involvement.2

Multiple patients had a diagnosis of extensive deep
venous thrombosis, in addition to ALI, and massive pul-
monary embolism has been reported to be frequently
found during autopsy in these patients (Chen, unpub-
lished data, 2020). Third, we are expecting to perform
better analyses of the thrombus specimens. However,
macroscopically, they appear quite different from speci-
mens before COVID-19, with a typical gelatinous consis-
tence. Finally, although young age and female gender
have been found to be more frequently associated with
known hypercoagulable disorders, in our series, this hy-
percoagulability state was observed in both younger
and older patients, with a male predominance. These
latter two findings suggest that the hypercoagulability
in our patients is not related to well-known blood disor-
ders but, rather, that native arterial thrombosis might
be triggered by COVID-19 infection. This is only a prelim-
inary, although totally new, observation. Viral-related ALI
has been described anecdotally in reported studies but
was not associated with venous thromboembolism or
hypercoagulability.11
The choice of surgical intervention is influenced by both
the clinical status of the patient and the etiology of the
ALI.3 Although relatively uncommon, ALI secondary to
native arterial thrombosis is an ominous form. Informa-
tion about the outcomes for this group of patients has
been scarce. O’Connell and Quiñones-Baldrich2 reported
that patients with thrombotic, rather than embolic, oc-
clusion had worse outcomes overall. In addition, Tor-
realba et al10 reported significantly worse outcome for
patients with diagnosed hypercoagulable disorders. Suc-
cessful revascularization was disappointingly low in pa-
tients with COVID-19 when compared with previously
reported series.12 The high failure rate in our experience
might have resulted from the two typical aspects
observed in these patients. First, at completion angiog-
raphy, we frequently found a situation of “desert foot”
and a typical absence of the forefoot microcirculation,
despite the removal of the thrombus with selective
thrombectomy of the below-the-knee and ankle arteries.
Second, this aspect might have led to sudden early
recurrent thrombosis of the treated segment. The obser-
vation that a suspect marked hypercoagulability might
be a contributory cause of technical failure might indi-
rectly find support because a similar rate of success
was obtain in those transferred from another hospital
and themean ischemia time was not significantly associ-
ated with technical failure. Both the inability to obtain
effective distal revascularization and the recurrent epi-
sodes of thrombosis of the treated segments prompted
us to change our treatment protocol by including a
more aggressive regimen with thrombolysis and contin-
uous infusion of heparin.
At present, no data are available on patients with

COVID-19 presenting with ALI nor have the outcomes of
those treated surgically been reported. Therefore, no stan-
dardized treatmentprotocolhasbeenestablished.Consid-
ering the clinical and angiographic characteristics and the
high failure rate for these patients, we decided to bemuch
more aggressive and soon increased our successful clinical
and technical results. Although thrombolysis has been
reported to not be the best choice for most patients with
severe ischemia, it was included as adjunctive intraopera-
tive procedure to improve the distal microcirculation,
which might have had a potential role in stealing outflow
vessels of an otherwise successful femoropopliteal-tibial
vessel declotting.2,3,6,7 In contrast, heparin prevents propa-
gation of the thrombus both proximally and distally and
maintains patency of the collateral vessels. Thus, we
decided to use continuous intravenous infusion of heparin
starting immediately after the intervention, with the aimof
preventing early recurrent thrombosis, especially in the
distal microcirculation.
The overall use of heparin in these patients was also sug-

gested by the management document from the World
Health Organization.13 Although this protocol implemen-
tation was used for the last 5 patients, and the conclusions
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might not be generalizable, we did not observe any new
thrombotic complications. In addition, none of these 5 pa-
tients died. The potential beneficial effect of heparin in our
COVID-19 surgical patients might find some support in
experimental data. First, plenty of data have shown that
heparin is the most effective method for the prevention
of thromboembolism.14 Second, it is well-known that hep-
arin has suppressive activity against the development of a
cytokines storm, which is a typical pathogenetic process
of COVID-19 infection that eventually results in acute lung
injury and death.15,16 Finally, it has already been shown
that heparin has competitive binding activity to the coro-
navirus. This final aspectmight result in a significant reduc-
tion of the pathogen’s activity, which would bind to the
heparin, instead of attacking the cells of the organism by
inhibiting cell penetration.17-20

Study limitations. The present preliminary observa-
tional study had some major limitations. The first was
the small number of patients included. Second, the
period of inclusion and observation were short. Third,
we lacked robust data on the coagulation parameters
to evaluate the eventual persistent status of hypercoagu-
lability. Finally, the significantly higher number of pa-
tients treated for ALI might reflect the increased
number of patients we have been treating since the start
of this infective emergency and the suggested surgical
priorities indicated by governmental disposition.
CONCLUSIONS
In our preliminary experience of COVID-19 in the Lom-

bardy region, the number of interventions for ALI has
significantly increased. This greater incidence and the
high failure rate due to unsuccessful revascularization
seems to support the presence of a marked hypercoagu-
lable state in these infected patients, a process that
could be triggered by the viral infection. These observa-
tions, as well as the findings from experimental models,
have led us to strengthen our treatment protocol by
mainly focusing on the use of continuous intravenous
heparin. In our experience, the addition of heparin
seemed to increase the treatment effectiveness and,
most importantly, was associated with better survival.
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