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WHAT THIS PAPER ADDS

This paper evaluates hospital outcomes and reports independent predictors of in hospital mortality in a large
cohort of patients undergoing vascular surgery during “phase 1” of the COVID-19 outbreak experienced in one of
the European areas with the initial and highest incidence of viral infection. The analysis reveals that COVID-19
patients had 7.6 fold increase in mortality, 4.5 fold increase in complication rate, and a higher re-thrombosis rate
after peripheral arterial revascularisation. These findings will help to stratify the clinical risk during a potential
following waves of the COVID-19 infection.
Objective: The characteristics and outcomes of patients undergoing vascular surgery hospitalised and managed in
Lombardy are described with a comparison of patients tested positive for COVID-19 (CV19-pos) vs. those tested
negative (CV19-neg).
Methods: This was a multicentre, retrospective, observational cohort study which involved all vascular surgery
services in Lombardy, Northern Italy. Data were retrospectively merged into a combined dataset covering the
nine weeks of the Italian COVID-19 pandemic phase 1 (8 March 2020 to 3 May 2020). The primary outcome
was freedom from in hospital death, secondary outcomes were re-thrombosis rate after peripheral
revascularisation, and freedom from post-operative complication.
Results: Among 674 patients managed during the outbreak, 659 (97.8%) were included in the final analysis: 121
(18.4%) were CV19-pos. CV19-pos status was associated with a higher rate of complications (OR 4.5; p < .001,
95% CI 2.64 e 7.84), and a higher rate of re-thrombosis after peripheral arterial revascularisation (OR 2.2; p ¼
.004, 95% CI 1.29 e 3.88). In hospital mortality was higher in CV19-pos patients (24.8% vs. 5.6%; OR 5.4, p <
.001;95% CI 2.86 e 8.92). Binary logistic regression analysis identified CV19-pos status (OR 7.6; p < .001, 95%
CI 3.75 e 15.28) and age > 80 years (OR 3.2; p ¼ .001, 95% CI 1.61 e 6.57) to be predictors of in hospital death.
Conclusion: In this experience of the vascular surgery group of Lombardy, COVID-19 infection was a marker of
poor outcomes in terms of mortality and post-operative complications for patients undergoing vascular
surgery treatments.
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INTRODUCTION

Since the pandemic spread of novel coronavirus-19 (COVID-
19) infection, respiratory distress syndrome has been
described as the dominant clinical manifestation of this
severe disease.1,2 Following the first official case in North-
ern Italy on 18 February 2020, the emerging involvement of
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the cardiovascular system in this disease was soon recog-
nised, but much of the attention was paid to venous
thrombo-embolism, and cardiac ischaemic and inflamma-
tory emergencies.3e6 Furthermore, one of the most
important activities of the vascular surgical community has
been to concentrate on structural reorganisation of the
centres.7e13 In contrast, little has been described of the
epidemiological trend of the vascular pathologies and of the
outcomes stratified by COVID-19 infection and type of
hospital organisation.14 Although the Italian Government
was forced to take extraordinary measures to contain the
infection such as quarantine and the closure of major social
and economic activities, the number of newly infected pa-
tients increased exponentially on a daily base, especially in
Lombardy, which is the Italian area which experienced the
highest COVID-19 incidence, but it is also the most popu-
lous area of the country with more than 10 million in-
habitants. In this emergency situation investigators
collected clinical data and early outcomes of those patients
managed during “phase 1” of the Italian outbreak (8 March
to 3 May 2020). This article analyses the data set of the
Vascular Surgery Group of the Lombardy region (VSG-RL)
and evaluates the mortality and complication rate stratified
by COVID-19 infection.
MATERIALS AND METHODS

Study cohort

This was a multicentre, retrospective, observational cohort
study organised following the STROBE guidelines.15 The
study involved all referral and tertiary vascular surgery
services in Lombardy, Northern Italy.16 All vascular surgery
units were queried for data collected in hospital of
consecutive vascular patients admitted and managed
operatively. Informed consent regarding the specific treat-
ment was obtained from each patient. Approval for this
specific study was waived by each local Institutional Review
Board, according to the National Policy in the matter of the
Privacy Act on retrospective analysis of anonymised data
and in consideration of the assembly prohibition policies in
relation to this health emergency.
Data collection

The Lombardy healthcare system is based on public and
private hospitals, including academic and teaching hospi-
tals. All the hospitals included in the regional health system
are free of charge. Vascular surgery units cover the entire
needs of patients suffering from arterial and venous dis-
eases, so that there are no independent angiology units.
During the COVID-19 outbreak, the re-organisation process
planned that both some public hospitals and private hos-
pitals were identified for referral of patients suffering from
vascular pathologies. All vascular surgery units were
involved in this study, none was excluded a priori. According
to the regional health system re-organisation of vascular
surgery services, all planned interventions were cancelled
and rescheduled only after “phase 1” was officially declared
over. Therefore, only those vascular conditions that required
urgent/emergency interventions, namely those lifesaving
interventions, those to be performed < 24 hours from
diagnosis, and those defined as “non-deferrable” (to be
treated within 30 days from diagnosis or hospital admis-
sion) were operated on during the pandemic “phase 1”.16

Clinical data were collected on admission and during hos-
pitalisation by attending physicians. A single dedicated
database was created, and data were merged retrospec-
tively into a combined dataset. Information about de-
mographics, co-morbidities (hypertension, chronic
obstructive pulmonary disease, chronic kidney disease,
smoking habits, diabetes, left ischaemic heart disease, atrial
fibrillation), risk factors (urgency, COVID-19 status), previous
vascular surgical history, operative details, and post-
operative events during the hospital stay were all regis-
tered. These data were obtained from the institutional
database of each of the participating centres. Additional
collected data during the hospital stay included baseline
laboratory blood tests, respiratory parameters, Xrays,
computed tomography scans, COVID-19 related treatment,
operative treatment, and type of complication and out-
comes (including length of hospital stay, death, discharge,
and readmission). Data collection covered the “phase 1”
period of the COVID-19 pandemic in Italy which started on 8
March 2020, and was declared over on 3 May 2020.17
Definition

“Phase 1” emergency of the CV19 outbreak was officially
established by National Government, and included a
mandatory requirement to stay at home, social distancing
and avoiding gatherings, meticulous and frequent disin-
fection of hands, and prohibition of moving among mu-
nicipalities, except for health or food emergencies.
Physicians went to work under the condition of a specific
signed permission released by the National Government.
Patients were considered to have confirmed infection if the
initial reverse transcription polymerase chain reaction test
on throat or lower respiratory tract swab result was posi-
tive, or if the initial test was negative but repeated testing
was positive. Generally, tests were repeated if the initial
negative test result was judged likely to be a false negative,
especially if there was a high clinical probability of COVID-
19 based on high resolution chest computed tomography
(hrCT). Patients were divided in two groups according to
COVID-19 testing: patients who were tested positive for
COVID-19 on admission or during hospitalisation, and those
who always tested negative for COVID-19. The clinical sta-
tus of patients with chronic limb threatening ischaemia
(CLTI) was defined according to the Rutherford classifica-
tion.18 Chronic kidney disease was defined in agreement to
the Kidney Disease Improving Global Outcomes clinical
practice guidelines.19 Pre-existing chronic obstructive pul-
monary disease was classified according to the Global
initiative for chronic Obstructive Lung Disease (GOLD).20

Acute respiratory distress syndrome was defined accord-
ing to the Berlin definition.21 Arterial dissection was



Vascular surgery queried (n = 39)

Excluded (n = 4, 10.2%)
No answer at all

Participating centers (n = 35, 89.7%)

Excluded (n = 7, 20%)
No patients managed at all

Collecting centers (n = 28, 71.8%)
Total patients enrolled (n = 674)

Excluded (n = 1, 3.6%)
Incomplete data (n = 15, 2.1%)

Collecting centers (n = 27, 69.2%)
Total patients analysed (n = 659, 97.8%)

R
e
c
ru

it
m

e
n

t
A

ll
o
c
a
ti

o
n

A
n

a
ly

si
s

Figure 1. Consort diagram of patients hospitalised and managed in the vascular surgery units of the
Lombardy region during phase one of the COVID-19 outbreak (8 March 2020 to 3 May 2020).
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defined as acute (0 e 7 days), subacute (8 e 30 days), and
chronic (� 30 days).22 Urgency was considered when
intervention was performed � 24 hours from hospital
admission and on the first diagnosis of the vascular disease
especially in symptomatic patients. All centres had similar
protocols regarding the definition for performing urgent
intervention in agreement with the guidelines of the Italian
Society for Vascular and Endovascular Surgery, and adhered
to the treatment guidelines of acute limb ischaemia (ALI) of
the European Society For Vascular Surgery.18,23 Pharmaco-
logical treatment for COVID-19 infection was in agreement
with the most recent guidelines.23e25 Post-operative com-
plications were classified according to the Society for
Vascular Surgery (SVS) grading system.26 The analysis was
focused on two major outcomes: freedom from in hospital
mortality for all vascular treatments, and freedom from
post-operative complication.
Database completion

The database was initially shared to all Vascular Surgery
units. After single institution collection, each centre
returned its single centre dataset which was then collated
into a single database, then managed and analysed by two
separate authors (G.P., D.B.). In the event of inconsistency,
dataset compilers at each single hospital were directly
contacted by the authors to discuss any doubts. For result
discrepancies, a third author (R.B.) was consulted to
resolve any controversies and achieve consensus. This
process was done because of bias derived from dataset
compilation among centres and to maximise the inter-
pretation of definitions and results between blinded
investigators.
Statistical analysis27

Clinical data were recorded and tabulated in a Microsoft
Excel (Microsoft Corp., Redmond, WA, USA) spreadsheet:
statistical analysis was performed with SPSS 26.0 for
Windows (IBM SPSS; Chicago; IL, USA). Categorical (nomi-
nal) variables were presented using frequencies and per-
centages, and continuous (quantitative) variables with
mean � standard deviation (SD), or median with inter-
quartile range (IQR) and ranges according to data distribu-
tion. Categorical variables were analysed with the chi
square test, and Fisher’s exact test when appropriate.
Continuous variables were tested for normal distribution by
the ShapiroeWilk’s test and compared between groups
with unpaired Student’s t test for normally distributed
values; otherwise, the ManneWhitney U test was used.
Tukey’s honest significance test was used as a single step
multiple comparison to find significant differences between
means. The Wilcoxon signed rank test was used to evaluate
the difference between specific covariate measurements
before and after intervention. Univariable analysis was used
to identify potential predictors of in hospital death. Asso-
ciations that yielded a p value < .20 on univariable screen
were then included in a binary logistic regression analysis
using a Wald model. The strength of the association of
variables with mortality was estimated by calculating the
odds ratio (OR) and 95% confidence intervals (95% CI)
(significance criteria p ¼ .25 for entry, p ¼ .05 for removal).
Model discrimination was evaluated by using the area un-
der the receiver operating characteristic (AUROC) curve,
with � 0.7 being considered significantly accurate and 0.5 -
0.69 moderately accurate. All reported p values were two
sided; p < .050 was considered significant.
RESULTS

General cohort

Overall, 35/39 (89.7%) centres responded to the invitation,
and data from 31/39 (79.5%) centres were finally included
in the study. Six hundred seventy-four patients were
managed, and 659 (97.8%) form the cohort for the final
analysis as reported in Fig. 1. The recruitment period during
“phase 1” lasted nine weeks. There were 464 (70.4%) males



Table 1. Demographics, comorbidities, and operative
strategies of the 659 vascular surgery patients treated in
Lombardy, Italy, during the COVID-19 pandemic

Characteristics Vascular surgery patients
(n [ 659)

Demographics
Male : Female 464 : 193
Age e y 72 � 12
>80 195 (29.6)

Comorbidities
Hypertension 474 (75.2)
Diabetes 231 (37.3)
Previous vascular interventions 169 (34.8)
Coronary artery disease 157 (33.1)
Active smoker 193 (29.3)
Previous thrombo-embolism 17 (23.4)
Chronic kidney disease 143 (23.3)
Chronic obstructive pulmonary
disease

129 (21)

Atrial fibrillation 121 (19.7)
Obesity; BMI >30 kg/m2 76 (13.1)
Type of intervention* 607 (92.1)

Urgent/Emergency 372 (61.3)
PAOD endovascular 111 (18.3)
Thrombo-embolectomy 110 (18.1)
PAOD open surgical 86 (14.2)
Amputation 68 (11.2)
Carotid endarterectomy 60 (9.9)
Carotid artery stenting 9 (1.5)
EVAR 30 (4.9)
Open AAA repair 22 (3.6)
TEVAR 16 (2.6)
Thoraco-abdominal open 2 (0.3)
Renovisceral 6 (0.9)
Vascular access surgery 37 (6.1)
Miscellaneous 50 (8.2)

Data are presented as n (%) or mean � standard deviation. BMI ¼
body mass index; PAOD ¼ peripheral arterial occlusive disease;
EVAR ¼ endovascular abdominal aortic aneurysm repair; AAA ¼
abdominal aortic aneurysm; TEVAR ¼ thoracic endovascular aortic
repair.
* Proportions of interventions calculated as proportions of total n ¼
607.

Table 2. Numbers of interventions performed for the three
main vascular surgery diseases stratified by clinical setting
in Lombardy, Italy, during the COVID-19 pandemic

Intervention Urgent/Emergent
(n [ 337)

Non-deferrable
(n [ 177)

Aorta
Abdominal aorta

Endovascular 29 (8.6) 1 (0.6)
Open 21 (6.2) 1 (0.6)

Descending thoracic aorta
Endovascular 14 (4.1) 2 (1.2)
Open n.p. n.p.

Thoraco-abdominal aorta
Endovascular n.p. n.p.
Open 1 (0.3) 1 (0.6)

Carotid
Carotid endarterectomy 46 (13.6) 14 (7.9)
Carotid artery stenting 8 (2.4) 1 (0.6)

PAOD
Acute limb ischaemia

Endovascular 7 (2.1) n.p.
Open 135 (40.0) 2 (1.2)
Primary amputation 8 (2.4) n.p.

Chronic limb threatening ischaemia
Endovascular 22 (6.5) 82 (46.3)
Open 22 (6.5) 37 (20.9)
Primary amputation 24 (7.1) 36 (20.3)

Data are presented as n (%). PAOD ¼ peripheral arterial occlusive
disease; n.p. ¼ not performed.
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and 193 (29.3%) females. The median of age for the whole
cohort was 72 years (IQR, 65 e 81). Table 1 reports the
characteristics of the whole cohort with the treatment
strategies pursued during “phase 1”. On admission, 269
(40.4%) patients were already taking aspirin, 104 (15.6%)
were on dual antiplatelet treatment, and 82 (12.3%) were
on oral anticoagulants.
Global surgical activities and early outcomes

Overall, 607 (92.1%) patients underwent operative repair:
434 (71.5%) were urgent/emergency. Fifty-two (7.9%) pa-
tients did not receive operative treatment, and terminal
illness (n ¼ 44) was the leading cause for non-operative
treatment. Analysing the nine weeks of “phase 1” as
three weeks tertiles the most frequent indication for hos-
pital admission was peripheral arterial occlusive disease
(n ¼ 403, 61.1%): there were 238 (59%) CLTI cases, and 165
(41%) ALI cases: 375 (93.1%) underwent operative inter-
vention. The second most frequent indication for hospital
admission was aortic aneurysm (n ¼ 84, 12.7%), and 52 of
63 abdominal aortic aneurysms, and 18 of 21 thoracic/
thoraco-abdominal aortic aneurysms were operated on.
One case of thoracic aortic dissection was treated with best
medical treatment, only. The third most frequent cause of
hospital admission was extracranial carotid artery disease,
and of the 70 (10.6%) cases managed during this period, 69
(98.6%) were treated operatively. In Table 2 the total
numbers of interventions performed for the three main
vascular diseases are reported, stratified by urgent/emer-
gency vs. non-deferrable interventions. Overall, 62 (9.4%)
patients died in hospital. Complications were observed in
132 (20%) patients, mild in 26 (19.7%), moderate in 53
(40.1%), and severe in 53 (40.1%). The median hospital stay
was four days (IQR, 2 e 8).
Comparative analysis by COVID-19 status

The VSG-RL managed 121 (18.4%) COVID-19 positive pa-
tients, and 103 (85.1%) received an operation. The number
of COVID-19 positive patients did not differ across the three
weeks (W) tertiles (W1 e 3 vs. W4 e 6 vs. W7 e 9, p ¼



Table 3. Demographics, comorbidities, and operative risk
stratified by COVID-19 (CV19) status in vascular surgery
patients in Lombardy, Italy, during the COVID-19 pandemic

CV19-
positive
(n [ 121)

CV19-
negative
(n [ 538)

p

Demographics
Male : Female 92 : 29 366 : 157 .22
Age e y 73 � 12 72 � 12 .59
>80 40 (21.3) 80 (17.6) .32

BMI e kg/m2 26 � 4 25 � 4 .35
>30 3 (8.1) 48 (19) .16

Comorbidities
Hypertension 82 (71.3) 393 (76) .29
Coronary artery
disease

27 (31) 126 (32.4) .90

Chronic obstructive
pulmonary
disease

28 (25.2) 102 (20.1) .25

Chronic kidney
disease

14 (12.5) 131 (25.9) .002

Atrial fibrillation 30 (26.8) 90 (17.9) .035
Active smoker 39 (32.2) 154 (28.6) .50
Diabetes 33 (29.2) 199 (38.9) .067
Previous interventions 17 (18.7) 153 (38.4) <.001
Vascular 17 150
Cardiac 0 3

Previous thrombo-
embolism

14 (15.9) 97 (24.7) .093

Risk factors
Urgent/Emergency 92 (76.1) 296 (56.6) <.001
PaO2 e % 69 � 12 89 � 33 <.001
Leucocytes e 109/L 11 215 � 6 299 10 292 � 4 576 .15
Median D dimer e
ng/L*

897 2410 .23

Platelets e 109/L 246 � 118 246 � 107 .99
Median CPK e U/L 426 88.5 .005
AT-III e % 81 � 14 85 � 20 .50

Data are presented as n (%) or mean � standard deviation unless
stated otherwise. CPK ¼ creatine phosphokinase; AT-III ¼
antithrombin-III.
* p value of difference between COVID-19 positive patients and
COVID-19 negative patients.

Table 4. Type of operative procedure performed during the
“phase 1” period of 8 March to 3 May 2020 stratified by
COVID-19 (CV19) status in Lombardy, Italy

CV19-pos
(n [ 121)

CV19-neg
(n [ 538)

p

PAOD revascularisation*

Open surgicaly 11 (9.1) 75 (13.9)
<.001

Thrombo-embolectomy 52 (42.9) 58 (10.8)
PTA/stent 4 (3.3) 68 (12.6)
PTA/stent þ planned
minor amputation

1 (0.8) 38 (7.1)

Aortic
EVAR 3 (2.5) 27 (5.0)

.49

TEVAR 1 (0.8) 15 (2.8)
Open AAA repair 4 (3.3) 18 (3.3)
Open thoraco-abdominal 0 (0) 2 (0.4)

Carotids
CEA 1 (0.8) 59 (10.9)

1.0

CAS 0 (0) 9 (1.7)
Amputation

Major 10 (8.3) 45 (8.4)
.51

Minor 0 (0) 13 (2.4)
AV access

Creation 1 (0.8) 25 (4.6)
1.0

Rescue 0 (0) 11 (2.0)
Venous complex

Open abdominal 0 (0) 4 (0.7)
.20

Stenting 1 (0.8) 0 (0)
Renovisceral

Embolectomy 1 (0.8) 0 (0)
.33

Endovascular 0 (0) 4 (0.7)
Open renal 0 (0) 1 (0.2)

Trauma/Miscellaneous
Embolisation 9 (7.4) 2 (0.4)

<.001

Others 5 (4.1) 29 (5.4)

Data are presented as n (%). AAA ¼ abdominal aortic aneurysm;
PAOD ¼ peripheral arterial occlusive disease. EVAR ¼ endovascular
abdominal aortic aneurysm repair; TEVAR ¼ thoracic endovascular
aortic repair; CEA ¼ carotid endarterectomy; CAS ¼ carotid artery
stenting; AV ¼ arteriovenous; PTA ¼ percutaneous transluminal
angioplasty.
* Sixty-eight primary amputations excluded.
y Thrombo-embolectomy/surgical bypass/endarterectomy/hybrid.
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.293). Demographic data, comorbidities, and risk factors of
the two groups are reported in Table 3. Ninety-nine (81.8%)
COVID-19 positive patients had hrCT signs of COVID-19
related pneumonia on admission. Urgent or emergency
clinical onset was higher in COVID-19 positive patients
(75.8% vs. 56.6%; OR 2.4, p < .001; 95% CI 1.52 e 3.77).
Among vascular diseases, peripheral arterial occlusive dis-
ease was the most frequent disease observed in COVID-19
positive patients compared with COVID-19 negative pa-
tients (78.5% vs. 56.1%; OR 2.1, p < .001; 95% CI 1.36 e
3.33). Table 4 reports the type of intervention stratified by
COVID-19 status. Post-operative complications occurred in
55 COVID-19 positive patients and in 77 COVID-19 negative
patients (45.4% vs. 14.3%, p < .001; OR 5.1). COVID-19
positive patients had a higher rate of complications over-
all (OR 4.5; p < .001, 95% CI 2.64 e 7.84). The type of
intervention was also a predictor of post-operative com-
plications (OR 2.6; p < .001, 95% CI 1.50 e 4.58). Of those
patients who underwent peripheral revascularisation, 77
(25.1%) developed early re-thrombosis: 10 (3.2%) ended up
with major amputation, more frequently after revascular-
isation for ALI as reported in the flow diagram in Fig. 2.
Among the variables included in the model with re-
thrombosis as the endpoint, binary logistic regression
analysis identified COVID-19 positive status to be associated
with early re-thrombosis (OR 2.2; p ¼ .004, 95% CI 1.29 e
3.88). Hospitalisation was longer in COVID-19 positive pa-
tients (median: 7 days vs. 4 days, p ¼ .023). Mortality was
higher in COVID-19 positive patients than in COVID-19
negative patients (24.8% vs. 5.6%, p < .001; OR 5.4).
There were no deaths in patients < 60 years of age, but



Revascularisation (n = 307)

CV19-pos (n = 68, 22.1%)

Re-thrombosis (n = 29, 42.6%)

Major amputation (n = 6, 8.8%)

Re-thrombosis (n = 48, 20.1%)

Major amputation (n = 5, 2.1%)

CV19-neg (n = 239, 77.9%)

ALI (n = 55, 80.9%) CLTI (n = 13, 19.1%)

ALI (n = 25, 43.8%) CLTI (n = 4, 36.4%)

ALI (n = 5, 8.8%) CLTI (n = 0, 0%)

ALI (n = 89, 37.2%) CLTI (n = 150, 62.8%)

ALI (n = 22, 24.7%) CLTI (n = 26, 17.3%)

ALI (n = 2, 2.2%) CLTI (n = 3, 2.0%)

Figure 2. Flow diagram of 307 patients who underwent revascularisation for peripheral arterial occlusive
disease patients in Lombardy, Italy, during the COVID-19 (CV19) pandemic. ALI ¼ acute limb ischaemia;
CLTI ¼ chronic limb threatening ischaemia.
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there was a different mortality rate within the different
decades for those aged > 61 years (p ¼ .002) as shown in
Table 5. Causes of death are reported in Table 6. COVID-19
positive status (OR 7.6; p < .001, 95% CI 3.75 e 15.28) and
age > 80 years (OR 3.2; p ¼ .001, 95% CI 1.61 e 6.57) were
predictors of death. The HosmereLemeshow goodness of fit
test (c2 ¼ 4.89; p ¼ .30) and ROC analysis provided a
reasonable discrimination for COVID-19 positive status
(AUROC, 0.67; 95% CI 0.59 e 0.75) and for age > 80 years
(AUROC, 0.61; 95% CI 0.53 e 0.69) as reported in Fig. 3.
Table 7 reports factors affecting post-operative complica-
tions and death in the whole study group.
DISCUSSION

The analysis of phase 1 of the Italian COVID-19 outbreak
showed that COVID-19 positive status was a marker of poor
outcomes even in vascular surgery patients. These COVID-
19 positive patients had higher mortality and complication
Table 5. Mortality rates stratified by patient age interval and COVI

Age decade e y CV19-positive (n [ 121)

Dead Alive

<60 0 (0) 18 (14.9)
61e70 25 (20.7) 5 (4.1)
71e80 22 (18.2) 12 (9.1)
81e90 24 (19.8) 11 (9.1)
>91 1 (0.8) 2 (1.6)

Data are presented as n (%).
rates, with a higher re-thrombosis rate after revascularisa-
tion procedures for PAOD, which was the most frequent
indication for vascular surgery during this time.

From the beginning COVID-19 outbreak, the primary
clinical focus has been COVID-19 related respiratory issues
and their impact on overall outcomes.1,2 Only few weeks
later, did some studies shed light on another worrisome
scenario, the association between COVID-19 infection and
major cardiovascular events such as venous thrombo-
embolism and myocardial injury.4e6 So far, only Seiffert
et al. have investigated the rate of emergency hospital ad-
missions during the pandemic but very few have reported
detailed outcomes of vascular treatments.11,12,14 While
hypercoagulable state, thrombophilia, and sepsis induced
coagulopathy have been preferentially associated with
venous thrombo-embolism, what was unexpected during
this outbreak period was the predominant incidence of
PAOD among all the vascular diseases, especially acute
peripheral arterial thrombo-embolism.14,16,28,29 A
D-19 (CV19) status

CV19-negative (n [ 538) p

Dead Alive

0 (0) 80 (14.9) 1.0
119 (22.1) 8 (1.5) .14
179 (33.3) 8 (1.5) <.001
106 (19.7) 10 (1.8) .002
9 (1.7) 4 (0.7) .52



Table 6. Complications and Society for Vascular Surgery
(SVS) severity scoring grade stratified by COVID-19 (CV19)
status

Parameters CV19-positive
(n [ 121)

CV19-negative
(n [ 538)

p

SVS severity
Mild 9 (7.4) 13 (2.4) .012
Moderate 19 (15.7) 22 (4.1) < .001
Severe 22 (18.2) 31 (5.8) < .001

Type of complication
Re-thrombosis 18 (14.9) 18 (3.3)
ARDS 10 (8.3) 7 (1.3)
Renal 6 (4.9) 9 (1.7)
Cardiac/PE 2 (1.6) 12 (2.2)
Bleeding 7 (5.8) 7 (1.3)
Miscellaneous 1 (0.8) 5 (0.9)
Sepsis/gangrene 3 (2.5) 2 (0.4)
Stroke/SCI 2 (1.6) 3 (0.6)
MOF 1 (0.8) 3 (0.6)

Data are presented as n (%). ARDS ¼ acute respiratory distress
syndrome; PE ¼ pulmonary embolism; SCI ¼ spinal cord ischaemia;
MOF ¼ multiple organ failure.
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hypothetical hypercoagulability status triggered by the
SARS-CoV-2 viral infection, may have also contributed to
this 62% incidence of peripheral arterial interventions in the
COVID-19 positive cohort which was two times higher than
the COVID-19 negative cohort.

The reorganisation process dictated by the regional
Health Government was an attempt to limit the spread of
the outbreak, but it was also the consequence of this
1
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Figure 3. Receiver operating characteristic (ROC) curve analysis
for mortality predictors (positivity for COVID-19 [CV19] and age
> 80 years) among 659 vascular surgery patients in Lombardy,
Italy. AUROC ¼ area under the ROC curve.
outbreak which forced the severe restrictions from a logistic
viewpoint.7,12,16 COVID-19 infection had an important
impact on surgical activities; in fact, during this time these
decreased > 75% in 97% of the vascular services, with 10
centres not performing vascular interventions at all.9e
11,13,30e32 Nearly 72% of the interventions were per-
formed in an urgent/emergency setting, and such data
correlate with the decrease in surgical activities. The re-
strictions imposed by this overwhelming outbreak may have
had further possible alarming downsides on the overall
cohort of patient. While the main finding of this analysis is
that COVID-19 infection was also a predictor of death in
patients undergoing vascular surgery, the 6.9% mortality
rate in the COVID-19 negative subgroup is relevant as well.
There may be different interpretations for these data: first,
patient attitude may have contributed to the increased
mortality because they may have reached hospital in a
worse condition.30 It is reasonable to consider that those
who had been examined and planned for an intervention in
non-critical conditions may consequently have presented in
a more critical clinical stage than the original one. This
observation finds support in a large review of the Chinese
experience in which, when mortality was analysed in spe-
cific cohorts of patients presenting with major adverse
cardiovascular events, it was significantly higher.1 Second,
the rapidly increasing numbers COVID-19 positive patients
also required a reorganisation of personnel, especially in the
anaesthetic sector in order to look after the most critical
patients. In this “war like” scenario, at full capacity many
more intensive care unit beds would have been needed for
best management of the patients.

A recent analysis of the Italian national data reported
that increased mortality was more consistent for men and
women aged 80 e 89 years, for whom the cumulative
deaths from 1 January to 30 April 2020 increased by 52%
compared with the average for the same period in 2015 e
2019.33 It was not surprising that age > 80 years was a
predictor of death in patients undergoing vascular surgery.
This observation was even more significant if we consider
that mortality was different across every 10-years decade,
despite the heterogeneous distribution of age within the
entire cohort.

The analysis and other previous experiences showed that
peripheral ischaemic events have been the primary vascular
emergency of this initial phase of the outbreak. As a
consequence, early re-thrombosis of the revascularisation
was the secondary outcome to be evaluated.3,14 The COVID-
19 infection was detected as a marker of poor clinical
outcome, and as with mortality, the re-thrombosis rate was
significantly higher in COVID-19 positive patients, irre-
spective of the type of intervention. Notably, this higher
than expected re-thrombosis rate after peripheral revascu-
larisation was reported to be quite similar to what
happened after percutaneous coronary interventions for
myocardial ischaemia.3,4,6,34 Whether this higher re-
thrombosis rate can be associated with the acute hyper-
coagulability states or due to advanced pre-operative con-
dition is currently impossible to determine. Although there



Table 7. Univariable and multivariable analysis for factors affecting post-operative complications and mortality among 659
vascular surgery patients in Lombardy, Italy, during the COVID-19 (CV19) pandemic

Variable Posteoperative complications Death

Univariable
OR (CI)

p Multivariable
OR (CI)

p Univariable
OR (CI)

p Multivariable
OR (CI)

p

Gender
Age >80 y 2.44 (1.41e4.20) .002 3.2 (1.61e6.57) .001
Hypertension
Obesity; BMI >30 kg/m2 0.22 (0.51e0.94) .024 1.69 (0.82e3.48) .148
Diabetes 0.57 (0.37e0.87) .010
CAD 1.45 (0.81e2.59) .225
Atrial fibrillatio 2.07 (1.13e3.81) .022
CKD
COPD
Previous thrombo-embolism 0.61 (0.34e1.08) .11 0.31 (0.13e0.76) .007
Previous vascular intervention 0.68 (0.42e1.10) .13 0.59 (0.32e1.12) .131
Urgent/Emergency intervention 2.98 (1.89e4.68) <.001 2.62 (1.50e4.58) .001 2.27 (1.17e4.38) .014
CV19-positive 4.78 (3.09e7.36) <.001 4.55 (2.64e7.84) <.001 5.04 (2.85e8.92) <.001 7.6 (3.75e15.28) <.001

OR odds ratio; CI ¼ confidence interval; BMI ¼ body mass index; CAD ¼ coronary artery disease
CKD ¼ chronic kidney disease; COPD ¼ chronic obstructive pulmonary disease.
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are no data to support the fact that this high failure rate
was determined by the hypercoagulability status triggered
by SARA-CoV-2, some indirect data are available for sup-
porting the current purely speculative observation. First, the
higher than previously reported incidence of ALI, which was
the first ever vascular disease event also in younger pa-
tients.14 Second, the better results obtained in terms of
patency rates with the use of a more aggressive heparin
treatment.14,34 Third, data coming from the ICUs reported
better overall outcomes in those patients on anticoagu-
lants.35 Last but not least, the macroscopic aspect of the
excised thrombi, that had a peculiarly gelatinous consis-
tency a finding that had previously been described in SARS-
CoV-1 outbreak patients.14

In the recent analysis from the COVID-19 surgical
collaborative group cohort initiative, merging the surgical
experience from 235 hospitals in 24 countries, the Authors
showed that post-operative pulmonary complications
occurred in half of patients with peri-operative COVID-19
infection and were associated with high mortality.36 Similar
observations were seen in vascular patients, where not only
was the overall complication rate significantly higher in this
COVID-19 positive subgroup, but COVID-19 positive patients
experienced much more severe complications, and those
COVID-19 positive who had complications had a higher
mortality rate compared with COVID-19 negative patients.

Waiting for the potential resurgence of the viral infection,
it is believed that this analysis may provide a few but
important take home messages to be better prepared in this
“war like” scenario. In order to prevent spread of the
outbreak, outpatient visits have been closed but the po-
tential to detect early on those who could present later in a
more critical situation than expected would be valuable.
Indeed, rescheduling those clinically not deferrable patients
will again be effective to be better able to focus on the most
critical ones: the high mortality rate in COVID-19 negative
patients may indirectly support this latter observation. It is
necessary to be more careful during revascularisation pro-
cedures for PAOD, and the use of heparin seemed to
improve overall outcomes, not only primarily vascular ones.
Given the hypercoagulable state of the COVID-19 positive
patients, the routines for thrombosis treatment are being
changed for COVID-19 positive patients presenting with ALI
compared with prior to the pandemic: there is a common
position favouring continuous intravenous administration of
unfractionated heparin starting from the intra-operative
period and maintained throughout the post-operative
period accompanied by the correction of any eventual
antithrombin-III alteration. In addition, the COVID-19 posi-
tive pandemic “phase 1”, which expanded in a very tight
time window, should cause the health system governors to
increase personnel hiring as well as strengthen hospital
infrastructure.
Limitations

This study has several limitations. First, the analysis is
essentially retrospective in nature. Large registry databases
rely solely on accurate site reporting. Thus, it is possible that
in such an emergency situation, investigators might have
not identified all patients and all variables. However,
missing data were not defaulted to negative, and de-
nominators reflect only reported cases. The different type of
hospital, as per governmental reorganisation, may have
played a role regarding the type of patients and the type of
intervention performed in the different vascular operations.
Second, this study involves many centres, with patients
having any type of surgery, with potential different in-
dications for the different procedures, and operative tech-
niques. Third, only in hospital results were reported: longer
term follow up may result in different outcomes and mor-
tality rates. Lastly, according to the reorganisation process
and lockdown indications made by the National Govern-
ment for the prevention of the epidemic spread, elective
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interventions were rescheduled and delayed. It is reason-
able to consider that those who had been examined and
planned for an intervention in non-critical conditions may
subsequently have presented in a more critical clinical stage
than the original one thus worsening the overall results.
Consequently, the initial results should be interpreted with
caution and are not generalisable.

In conclusion, this experience of the VSG-RL is one of the
first studies describing clinical outcomes of a large cohort of
patients undergoing vascular surgery, stratified by COVID-19
infection status. This experience showed that in a chal-
lenging scenario, the primary vascular surgery emergency
was peripheral arterial ischaemia. Allowing for the
described shortcomings, COVID-19 infection seemed to be a
marker of poor outcomes in vascular diseases requiring
operative management: COVID-19 positive patients had
higher mortality at each decade interval, higher complica-
tion rate and higher rate of re-thrombosis after peripheral
arterial revascularisation. COVID-19 infection may have had
a negative impact also on COVID-19 negative patient mor-
tality, reasonably explained by the overwhelming pandemic
wave that limited both clinical and logistical activities,
admitting only patients at higher risk to hospitals for
scheduled surgery.
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