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WHAT THIS PAPER ADDS

This study reports the experience of four centres dedicated to vascular surgery during the first seven weeks of
the COVID-19 outbreak in Lombardy, Italy. Acute limb ischaemia was the most frequent condition requiring
surgical treatment. Patients with associated COVID-19 had a fourfold increased risk of death and a threefold
increased risk of major adverse events.
Objective: During the most aggressive phase of the COVID-19 outbreak in Italy, the Regional Authority of
Lombardy identified a number of hospitals, named Hubs, chosen to serve the whole region for highly
specialised cases, including vascular surgery. This study reports the experience of the four Hubs for Vascular
Surgery in Lombardy and provides a comparison of in hospital mortality and major adverse events (MAEs)
according to COVID-19 testing.
Methods: Data from all patients who were referred to the Vascular Surgery Department of Hubs from 9 March to
28 April 2020 were collected prospectively and analysed. A positive COVID-19 polymerase chain reaction swab
test, or symptoms (fever > 37.5 �C, upper respiratory tract symptoms, chest pain, and contact/travel history)
associated with interstitial pneumonia on chest computed tomography scan were considered diagnostic of
COVID-19 disease. Patient characteristics, operative variables, and in hospital outcomes were compared
according to COVID-19 testing. A multivariable model was used to identify independent predictors of in
hospital death and MAEs.
Results: Among 305 included patients, 64 (21%) tested positive for COVID-19 (COVID group) and 241 (79%) did
not (non-COVID group). COVID patients presented more frequently with acute limb ischaemia than non-COVID
patients (64% vs. 23%; p < .001) and had a significantly higher in hospital mortality (25% vs. 6%; p < .001).
Clinical success, MAEs, re-interventions, and pulmonary and renal complications were significantly worse in
COVID patients. Independent risk factors for in hospital death were COVID (OR 4.1), medical treatment (OR
7.2), and emergency setting (OR 13.6). COVID (OR 3.4), obesity class V (OR 13.5), and emergency setting (OR
4.0) were independent risk factors for development of MAEs.
Conclusion: During the COVID-19 pandemic in Lombardy, acute limb ischaemia was the most frequent vascular
disease requiring surgical treatment. COVID-19 was associated with a fourfold increased risk of death and a
threefold increased risk of major adverse events.
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INTRODUCTION

On 9 January 2020, the Chinese Centre for Disease Control
and Prevention reported the identification of a novel
coronavirus, later named SARS-CoV-2, causing a severe
acute respiratory syndrome, the so called Coronavirus Dis-
ease 2019 (COVID-19).1 Spreading through small droplet
transmission, it rapidly diffused in mainland China and
worldwide, becoming a pandemic. As of 1 June 2020, more
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than 6.2 million cases have been reported across 188
countries and territories, resulting in more than 372 000
deaths.2

Italy was the first Western country to experience the
COVID-19 epidemic, and it remains one of the countries
that is suffering the most. Within Italy, the first and most
affected region was Lombardy, a northern district with 10
million inhabitants. After the first case was confirmed dur-
ing the night of 20 February in the town of Codogno, COVID
cases rose to over 530 by 28 February and 5 830 by 8
March, clearly making Lombardy the epicentre of the Italian
epidemic.

On 9 March 2020, concurrently with the imposition of a
national quarantine, the Regional Authority of Lombardy
remodelled the hospital system in order to allocate appro-
priate resources to treat COVID-19 patients, increasing the
number of intensive care unit (ICU) beds, and identifying
“Hub” hospitals where specific highly specialised medical
activities should be concentrated to ensure the delivery of
non-deferrable care.3

The aim of this study is to report the combined experience
of Hub hospitals for Vascular Surgery in Lombardy during the
first seven weeks after total lockdown due to the COVID-19
epidemic, and to compare in hospital mortality and major
adverse events (MAEs) according to COVID-19 testing.

MATERIALS AND METHODS

Hospital Hub/Spoke system model in Lombardy

Four hospitals were identified as vascular surgery Hubs
(Fig. 1), each of them associated with a number of afferent
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Figure 1. Map of Lombardy, Italy, showing identified Hu
during COVID-19 epidemic, and referring Spoke hospital
centres (Spokes), mainly redirected to the care of COVID-19
patients.

Hubs were required to guarantee:

� 24/7 evaluation of patients presenting with known or
suspected vascular disease, referred from the territorial
emergency net or from Spoke hospitals.

� Medical or surgical treatment of all patients presenting
with urgent/emergency vascular disease or deemed
not able to wait for more than 60 days (Table 1).

� At least two surgical teams available 24/7 (each
consisting of two surgeons, one anaesthetist, and two
nurses), with at least one on duty. Collaboration with
personnel coming from Spoke hospitals was permitted.

� A dedicated independent pathway for patients with
suspected or confirmed COVID-19 separated from
negative patients.

All patients referred to Hub hospitals were tested for
SARS-CoV-2 with nasopharyngeal swab and chest Xray. A
chest computed tomography (CT) scan was performed in
selected cases. COVID-19 was considered confirmed in pa-
tients presenting a positive real time reverse transcription
polymerase chain reaction swab test, and in those pre-
senting a history and/or symptoms suspicious of COVID-19
(fever > 37.5 �C, upper respiratory tract symptoms, chest
pain, and contact/travel history) associated with interstitial
pneumonia on chest CT scan.

For suspected or confirmed COVID-19 in a patient requiring
surgical treatment, a dedicated negative pressure operating
theatre was used, equipped with full personal protective
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Table 1. Indications for urgent/emergency or elective
vascular surgery during pandemic COVID-19 infection in
the Lombardy region, Italy, from 9 March to 28 April 2020

Urgent/
emergency
diseases

Patients suffering from serious diseases that
involve immediate risk to life or the function of
vital organs or limbs, for whom urgent/emergency
surgery is indicated

Elective
diseases

Patients suffering from serious diseases that do not
imply an immediate risk to life or to the function of
vital organs or limbs, but who require surgical
interventions that cannot be postponed for a
period of more than two months
Thoracic aortic aneurysms with a diameter >6 cm,
or rapidly growing, or symptomatic, or in the
presence of connective tissue disease on a genetic
basis
Abdominal aortic aneurysms with a diameter
>5.5 cm, or rapidly growing, or symptomatic, or in
the presence of genetically based connective tissue
disease
Iliac aneurysms with a diameter >4 cm, or rapidly
growing, or symptomatic, or in the presence of
connective tissue disease on a genetic basis
Symptomatic peripheral/visceral aneurysms or
with a diameter >4 cm
Acute or subacute dissections of the descending
thoracic aorta (type B according to Stanford)
Symptomatic carotid or supra-aortic stenosis, of
any degree
Asymptomatic carotid or supra-aortic trunk
stenosis >80% (NASCET) or with PSV > 3 m/s
Arteriopathy of the limbs with critical ischaemia
Femoro-iliocaval deep vein thrombosis at risk of
pulmonary embolism

PSV ¼ peak systolic velocity; NASCET ¼ The North American
Symptomatic Carotid Endarterectomy Trial.
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equipment. In the post-operative period, COVID-19 patients
were admitted to a COVID-19 dedicated ICU or ward.

Data from all patients who were referred to vascular
Hubs in Lombardy from 9 March 2020 to 28 April 2020 were
prospectively collected into a computerised database.

The study was conducted according to the principles of
the Declaration of Helsinki, and employed anonymised data
obtained from review of patients’ charts. Patients gave their
consent for the anonymous data collection on the standard
consent sheet provided by all involved institutions. Data
collection was carried out in accordance with the Italian law
on privacy (Art. 20e21, DL 196/2003) published in the
Official Journal no. 190 of 14 August 2004, which explicitly
exempts the need for ethics approval for the use of anon-
ymous data. Pre-operative assessment of cardiac, pulmo-
nary, and kidney status was conducted according to the
European Society for Vascular Surgery (ESVS) 2019 clinical
practice guidelines on the management of abdominal aorto-
iliac artery aneurysms.4 Pre-operative demographics and
risk factors were reported following the International Con-
sortium of Vascular Registries Consensus Recommendations
for Peripheral Revascularisation Registry Data Collection.5

Age, obesity, and pre-operative renal status were strati-
fied according to the Society for Vascular Surgery (SVS)
recommended reporting standards.6,7
The indications for admission were categorised into six
groups: acute limb ischaemia (ALI, including upper and
lower limb symptomatic disease developed in the last 14
days, due to related arterial occlusive disease confirmed by
imaging studies), chronic limb threatening ischaemia (CLTI,
lower limb symptomatic disease with known history of
chronic ischaemic disease or developed in more than 14
days, with the exclusion of limbs already presenting with
irreversible necrosis or gangrene), limb necrosis/gangrene,
aortic disease (aneurysms, dissections, penetrating ulcers,
and fistulae), cerebrovascular disease (including symptom-
atic and asymptomatic carotid stenosis), and other (all
other vascular disease not falling into the other groups).

ALI cases were classified according to the Rutherford
classification,7 and CLTI cases according to Rutherford cat-
egories7 and the wound, ischaemia, and foot infection
(WIfI) classification system.8

Treatment was categorised into five groups: open sur-
gery, endovascular surgery, hybrid (mix of open and endo-
vascular surgical techniques), primary major limb
amputation, and medical therapy. Timing of surgery was
defined as elective, urgent or emergency according to the
SVS recommended reporting standards.6

Global in hospital mortality was reported considering
both patients submitted to any kind of surgery, and those
submitted to medical therapy. Clinical success was defined,
adapted from the SVS reporting standards for endovascular
aortic aneurysm repair,9 as technical successful conclusion
of the intervention (e.g., successful revascularisation for
limb ischaemia) without death or MAEs. Primary/secondary
clinical success was defined as clinical success with/without
the need for an additional or secondary surgical or endo-
vascular procedure, respectively.

Post-operative complications were defined according to
the SVS reporting standards.9 A peri-operative complication
was referred as MAE when graded >1, or in case of sec-
ondary major amputation.
Statistical analysis

Categorical variables were expressed as frequencies and
percentages. Continuous variables were tested for normal
distribution using the KolmogoroveSmirnov test; those
with normal distribution were expressed as mean and
standard deviation, those with non-normal distribution as
median and interquartile range.

Patients were divided in two groups according to COVID-
19 testing: the COVID group patients who tested positive on
admission or during hospitalisation, and the non-COVID
group patients who always tested negative. Differences
between groups were tested using the Fisher exact test for
dichotomous variables, and the Student t test or the
ManneWhitney test for continuous variables, as appro-
priate. All tests were two tailed, and p � .05 was considered
to be statistically significant.

A logistic regression model using stepwise selection was
used to identify independent predictors of in hospital death
and MAEs. Data were entered into the model if they had a
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univariable p � .05. Collinearity and overfitting were
assessed using a stepwise regression model and Pearson
correlation test. In the multivariable model, results were
expressed as odds ratio (OR) with 95% confidence interval
(CI).

Statistical analysis was performed using Statistical Pack-
age for Social Sciences software (SPSS Inc., Chicago, IL, USA)
version 14.0 for Windows.
RESULTS

In the study period, 305 consecutive patients (69.8% males;
mean age 73.3 � 11.1 years) were referred to Hubs (19
patients to Centro Cardiologico Monzino Scientific Institute,
95 to Poliambulanza Foundation Hospital, 56 to Ospedale
Civile di Legnano, and 135 to San Raffaele Scientific
Institute).

COVID-19 was diagnosed in 64 patients (21%), on
admission in 57 and during subsequent hospitalisation in
seven. Chest CT scan was performed in 64 patients (21.0%),
presenting signs of interstitial pneumonia in 22 cases.
Dyspnoea was present in 38 COVID patients (59.4%). Res-
piratory support was provided by oxygen mask in 43 pa-
tients (67.2%), non-invasive ventilation in 24 (37.5%), and
tracheal intubation in nine (14.1%). Mean fraction of
inspired oxygen (FiO2) was 46.1% � 24.6% and mean
measured arterial partial pressure of oxygen (PaO2) was
80.0 mmHg � 36.2 mmHg.

Demographics and pre-operative risk factors are sum-
marised in Table 2.
Table 2. Demographics and pre-operative risk factors of all patients
Italy, from 9 March to 28 April 2020 confirmed to be affected or n

Variable All patients (n [ 305)

Male gender 213 (69.8)
Age e y* 73.3 � 11.1
Age class

Class 1, <55 years 19 (6.2)
Class 2, 55e69 years 80 (26.2)
Class 3, 70e79 years 107 (35.1)
Class 4, �80 years 99 (32.5)

Body mass index e kg/m2y 25 (22e29)
Hypertension 246 (80.7)
Tobacco use 175 (57.4)
Diabetes 98 (32.1)
Hyperlipaemia 192 (62.9)
Atrial fibrillation 59 (19.3)
Renal statusz

Normal 177 (58.0)
Class 1 89 (29.2)
Class 2 32 (10.5)
Class 3 7 (2.3)

Chronic obstructive pulmonary disease 28 (9.2)
Coronary artery disease 104 (34.1)

Data are presented as n (%), mean � standard deviation, or median (inte
* Parametric test (Student t test) was used for comparison.
y Non-parametric test (Mann-Whitney U test) was used for comparison.
z Renal status (refers to stable levels, not transient drops, or elevations in
Normal ¼ no known renal disease, normal serum creatinine level; Class 1
2 ¼ creatinine level, 2.5 to 5.9 mg/dL; Class 3 ¼ creatinine level greate
according to the Society for Vascular Surgery (SVS) recommended report
Ninety-seven patients presented with ALI, involving one
lower limb in 81 patients, one upper limb in eight, both
lower limbs in six (four of those were COVID patients), and
concomitant upper and lower limbs in two (both COVID
patients). According to the Rutherford classification, ALI
class was IIA in 26 cases, IIB in 55, and III in 16. Possible
causes of ALI were identified in 53/97 patients, including
cardiac embolism in 23, bypass graft failure in 13, pre-
occlusive atherosclerotic plaque in 11, vascular trauma in
three, systemic sepsis in two, and popliteal aneurysm in one
patient. No clear causes of ALI were found in 25/41 COVID
(61.0%), and in 19/56 non-COVID patients (33.9%).

Seventy-one patients presented with Rutherford category
three (three cases), four (25 cases), and five (43 cases) CLTI.
Twenty-nine patients presented with CLTI and already
established irreversible lower limb necrosis (Rutherford
category 6). Including all CLTI cases, the risk of amputation
at one year according to the WIfI classification was
considered very low in 11, low in 14, medium in 23, and
high in 52 patients.

Aortic disease was the indication for admission in 45
patients (14.7%), including 21 cases of abdominal aortic or
iliac aneurysm (ruptured in seven cases), seven cases of
endoleak after previous endovascular repair of abdominal
aortic aneurysm (AAA) (ruptured in three cases), eight cases
of thoraco-abdominal aortic aneurysm (ruptured in one
case), four cases of acute type B aortic dissection, two cases
of penetrating ulcer of the descending thoracic aorta, one
case of descending thoracic aortic aneurysm, one case of
referred to the Vascular Surgery Hubs in the Lombardy region,
on-affected by COVID on admission or during hospitalisation

COVID (n [ 64) Non-COVID (n [ 241) p

51 (79.7) 162 (67.2) .066
72.5 � 11.2 73.6 � 11.2 .49

5 (7.8) 14 (5.8) .56
18 (28.1) 62 (25.7) .75
19 (29.7) 88 (36.5) .38
22 (34.4) 77 (32.0) .76
26 (23e29) 25 (22e29) .60
48 (75.0) 198 (82.2) .21
33 (51.6) 142 (58.9) .32
18 (28.1) 80 (33.2) .55
36 (56.2) 156 (64.7) .24
15 (23.4) 44 (18.3) .37

36 (56.2) 141 (58.5) .78
22 (34.4) 67 (27.8) .35
6 (9.4) 26 (10.8) 1.0
0 (0) 7 (2.9) .35
7 (10.9) 21 (8.7) .63
15 (23.4) 89 (36.9) .053

rquartile range).

response to intravenous medication, hydration, or contrast media):
¼ moderately elevated creatinine level, as high as 2.4 mg/dL; Class
r than 6.0 mg/dL, or on dialysis or with kidney transplant (Defined
ing standards).
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abdominal aortic graft infection, and one case of aorto-
duodenal fistula.

A carotid stenosis was the indication for admission in 36
patients (11.8%), symptomatic in 21 cases, and asymp-
tomatic but meeting treatment criteria (Table 1) in 15.
Other indications for admission (27 patients, 8.9%) included
femoral pseudo-aneurysm in four cases; popliteal aneu-
rysm, malignant neoplasm of the neck, cardiac failure
requiring placement of a cardiac assist device, in three cases
each; vascular access for haemodialysis, deep venous
thrombosis, peripheral vascular graft infection, renal artery
stenosis, in two cases each; aneurysm of the superficial
temporal artery, superior mesenteric artery thrombosis,
spontaneous haematoma of the thigh, renal artery aneu-
rysm, thoracic outlet syndrome, and caval leiomyosarcoma
in one case each.

ALI was the most common indication to admission in
COVID patients, significantly more than in non-COVID pa-
tients (64.1% vs. 23.2%, respectively; p < .001). Conversely,
aortic and cerebrovascular disease were more common in
the non-COVID group. Indications for admission and pre-
sentation characteristics are summarised in Table 3.

Overall, 21 patients (6.9%) were treated medically, and
284 (93.1%) surgically (Table 3). Reasons for choosing
medical therapy alone were high surgical risk, related to
SARS-CoV-2 infection in seven patients and to general
comorbidities or advanced age in six; vascular disease
severity too low to justify urgent intervention in six pa-
tients; and patient refusal in two cases. COVID patients
Table 3. Characteristics of vascular disease, presentation, treatmen
Surgery Hubs in the Lombardy region, Italy, from 9 March to 28 Ap
admission or during hospitalisation

Variable All patients (n [ 30

Vascular disease
Acute limb ischaemia 97 (31.8)
Chronic limb ischaemia 71 (23.3)
Limb necrosis/gangrene 29 (9.5)
Aortic disease 45 (14.7)
Cerebrovascular disease 36 (11.8)
Other 27 (8.9)

Patient presentation
Coming from home 143 (46.9)
Referred by another department 28 (9.2)
Referred by another hospital (Spoke) 88 (28.8)
Referred by another hospital (non-Spoke) 46 (15.1)

Time from symptoms to treatment e h* 50.8 � 77.1
Pre-operative haemoglobin e g/dL* 12.4 � 2.3
Pre-operative platelet count e �109* 241.6 � 106.0
Treatment

Open surgery 158 (51.8)
Endovascular surgery 70 (22.9)
Hybrid surgery 39 (12.8)
Primary major limb amputation 17 (5.6)
Medical therapy 21 (6.9)

Global in hospital mortality 31 (10.2)
In patients undergoing surgery 23 (8.1)
In patients treated medically 8 (38.1)

Data are presented as n (%) or mean � standard deviation.
* Parametric test (Student t-test) was used for comparison.
underwent medical treatment alone more frequently than
non-COVID patients (14.1% vs. 5.0%; p ¼ .022), whereas the
latter underwent endovascular interventions more
frequently than the former (26.6% vs. 9.4%; p ¼ .003).

Global in hospital mortality was 10.2% (31 patients), and
was higher in patients treated medically (38.1% vs. 8.1%;
p < .001).

Cause of death was multi-organ failure in 10 cases (five
COVID), respiratory failure in nine (all COVID patients),
cardiac failure in four (one COVID), aortic rupture in two
(both non-COVID patients treated medically for general
comorbidities), cerebral ischaemia in two (both non-
COVID), sepsis in one (non-COVID), and aortic thrombosis
with bowel ischaemia in one case (COVID). In two non-
COVID patients the cause of death was unknown.

Patients with COVID had a significantly higher mortality
(25.0% vs. 6.2%; p < .001). When stratified by type of
vascular disease, type of intervention, and timing (Table 4),
in hospital mortality was significantly higher in COVID pa-
tients, especially in cases of ALI or CLTI, in open surgical
intervention cases, and in the elective setting.

Operative details and in hospital outcomes of patients
submitted to surgical interventions are reported in Table 5.
Only one patient, an 85 year old man with a ruptured AAA
(non-COVID group), died intra-operatively. Peri-operative
mortality was 15.2% (14/92) for ALI, 3.2% (2/63) for CLTI,
6.9% (2/29) for limb necrosis/gangrene, 9.8% (4/41) for
aortic disease, and 2.9% (1/35) for cerebrovascular disease.
Peri-operative pulmonary (grades 2 and 3) and renal (grade
t and general mortality of all patients referred to the Vascular
ril 2020 confirmed to be affected or non-affected by COVID on

5) COVID (n [ 64) Non-COVID (n [ 241) p

41 (64.1) 56 (23.2) <.001
12 (18.7) 59 (24.5) .41
3 (4.7) 26 (10.8) .16
1 (1.6) 44 (18.3) <.001
2 (3.1) 34 (14.1) .015
5 (7.8) 22 (9.1) 1.0

19 (29.7) 124 (51.4) .002
20 (31.2) 8 (3.3) <.001
19 (29.7) 69 (28.6) .88
6 (9.4) 40 (16.6) .17
79.2 � 103.7 28.2 � 33.7 <.001
12.5 � 2.1 12.4 � 2.3 .75
243.7 � 88.6 240.9 � 110.8 .85

36 (56.2) 122 (50.6) .48
6 (9.4) 64 (26.6) .003
10 (15.6) 29 (12.0) .53
3 (4.7) 14 (5.8) 1.0
9 (14.1) 12 (5.0) .022
16 (25.0) 15 (6.2) <.001
11 (20.0) 12 (5.2) .001
5 (55.5) 3 (25.0) .20



Table 4. Comparison of in hospital mortality in patients affected or non-affected by COVID, according to vascular disease, type of
intervention, and timing in the Lombardy region, Italy, from 9 March to 28 April 2020

COVID group (n [ 64) Non-COVID group (n [ 241) p*

Patients e n In hospital
deaths

Patients e n In hospital
deaths

Vascular disease
Acute limb ischaemia 41 12 (29.3) 56 5 (8.9) .014
Chronic limb ischaemia 12 4 (33.3) 59 1 (1.7) .002
Limb necrosis/gangrene 3 0 (0) 26 2 (7.7) 1.0
Aortic disease 1 0 (0) 44 6 (13.6) 1.0
Cerebrovascular disease 2 0 (0) 34 1 (2.9) 1.0
Other 5 0 (0) 22 0 (0) 1.0

Type of intervention
Open surgery 36 10 (27.8) 122 8 (6.6) .001
Endovascular surgery 6 0 (0) 64 1 (1.6) 1.0
Hybrid surgery 10 1 (10.0) 29 1 (3.4) .45
Primary major limb amputation 3 0 (0) 14 2 (14.3) 1.0
Medical therapy 9 5 (55.5) 12 3 (25.0) .20

Timing
Elective 20 4 (20.0) 107 3 (2.8) .012
Urgent 1 0 (0) 58 2 (3.4) 1.0
Emergent 43 12 (27.9) 76 10 (13.2) .054

Data are presented as n (%) unless stated otherwise.
* Comparison of in hospital mortality between COVID and non-COVID groups (Fisher’s exact test).
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2) complications occurred more frequently in COVID pa-
tients (Table 5).

On multivariable analysis of predictive factors for in
hospital death and MAEs (Table 6), COVID, medical treat-
ment, and emergency setting were independently associ-
ated with the risk of in hospital death, with an OR of 4.1,
7.2, and 13.6, respectively. COVID, obesity class V, and
emergency setting were independently associated with the
risk of MAEs, with an OR of 3.4, 13.5, and 4.0, respectively.
DISCUSSION

Rapid spread of the COVID-19 pandemic imposed a need to
find amodel to guarantee the treatment of positive patients in
tertiary hospitals, but maintaining standard quality of treat-
ment for other pathologies.10,11 How regional authorities in
Lombardy decided to create the cardiovascular Hub/Spoke
system thatwould serve thewhole region for non-elective and
elective cases has been reported previosly.12

The first finding from this extensive experience is that ALI
was the most common vascular disease requiring hospital
admission and surgical therapy, especially in COVID pa-
tients. Previously reported worldwide experiences
emphasised the link between SARS-CoV-2 infection and
microvascular inflammation,13 distal vasculitis, and the
prothrombotic state.14 These data seemed to be related to
the inflammatory cytokine storm (interleukin-6 and inter-
leukin1-beta) contributing to the pro-coagulative and pro-
adhesive state of dysfunctional endothelium.15 Moreover,
abnormal coagulation parameters are usually associated
with poor prognosis in COVID-19 patients:16,17 this may be
the cause of the findings of Bellosta et al.,18 who first re-
ported the increase in the incidence and extension of native
peripheral arterial occlusion in COVID-19 patients.
The results are consistent with those previously pub-
lished; in particular, it was found that COVID patients pre-
senting with ALI had the highest peri-operative mortality,
even higher than patients presenting with aortic disease in
the same time frame.

ALI was not the most common vascular disease observed
in other regions of Italy during COVID-19 pandemic.
Recently, Pini et al. reported the results of vascular surgical
activity in the Bologna metropolitan area between 8 March
and 8 April 2020.19 Among 34 patients treated in the acute/
emergency setting, only two were operated on for ALI (one
being positive to SARS-CoV-2), a number even lower than
the same period in 2019. However, in that series, COVID-19
affected only 3.9% of patients (6/152), whereas in another
experience COVID-19 was present in 21% of patients (64/
305). This probably reflects the different epidemiology of
SARS-CoV-2 in the Emilia-Romagna region compared with
Lombardy, where the outbreak was particularly violent, and
the different role of the Hub hospitals, mainly dedicated to
urgent/emergency surgery rather than to elective surgery.

A recent Editorial, based on a number of case reports
suggesting a potential increased rate of thrombo-embolic
events in COVID-19 patients, including fulminant strokes
in young fit patients, suggested that routine administration
of therapeutic doses of low molecular weight heparin after
vascular surgery in COVID-19 patients in general and spe-
cifically for those requiring intensive care treatment should
be considered.20 This is consistent with the approach cho-
sen by physicians in the current report, who preferred the
use of anticoagulants (unfractionated and low molecular
weight heparin) rather than antiplatelet drugs in COVID-19
patients (Table 5).

In the exceptional conditions in which patients have been
evaluated, identifying which vascular patients should be



Table 5. Operative details and in hospital outcomes of patients affected or non-affected by COVID submitted to surgical
interventions in the Lombardy region, Italy, from 9 March to 28 April 2020

Variable All patients (n [ 284) COVID (n [ 55) Non-COVID (n [ 229) p

Timing of surgery
Elective 113 (39.8) 15 (27.3) 98 (42.8) .046
Urgent 58 (20.4) 1 (1.8) 57 (24.9) <.001
Emergent 113 (39.8) 39 (70.1) 74 (32.3) <.001

Duration of intervention e min* 122.4 � 88.1 112.4 � 79.8 124.3 � 89.7 .37
Intra-operative death 1 (0.3) 0 (0) 1 (0.4) 1.0
Need of ICU 23 (8.1) 6 (10.1) 17 (7.4) .41
Post-operative drugs regimeny

Single antiplatelet 101 (35.7) 8 (14.5) 93 (40.8) <.001
Double antiplatelet 45 (15.9) 4 (7.3) 41 (18.0) .063
IV unfractionated heparin 26 (9.2) 13 (23.6) 13 (5.7) <.001
Low molecular weight heparin 111 (39.2) 30 (54.5) 81 (35.5) .013

Peri-operative (in hospital) mortality 23 (8.1) 11 (20.0) 12 (5.2) .001
Primary clinical success 223 (78.5) 32 (58.2) 191 (83.4) <.001
Early re-intervention 29 (10.2) 12 (21.8) 17 (7.4) .005
Secondary clinical success 228 (80.3) 34 (61.8) 194 (84.7) <.001
Patients experiencing one or more MAE 58 (20.4) 21 (38.2) 37 (16.2) <.001
Neurological complications 10 (3.5) 1 (1.8) 9 (3.9) .69

TIA 3 (1.1) 0 (0) 3 (1.3) 1.0
Stroke 5 (1.8) 1 (1.8) 4 (1.7) 1.0
Spinal cord ischaemia 2 (0.7) 0 (0) 2 (0.9) 1.0

Cardiac complications 12 (4.2) 1 (1.8) 11 (4.8) .47
1. Little or no haemodynamic consequences 2 (0.7) 0 (0) 2 (0.9) 1.0
2. Symptomatic, IV medications, PTCA 8 (2.8) 1 (1.8) 7 (3.1) 1.0
3. Severe haemodynamic dysfunction,
resuscitation, cardiac
arrest, or fatal outcomes

2 (0.7) 0 (0) 2 (0.9) 1.0

Pulmonary complications 31 (10.9) 17 (30.1) 14 (6.1) <.001
1. Prompt recovery with medical treatment 7 (2.5) 2 (3.6) 5 (2.2) .62
2. Prolonged hospitalisation or IV antibiotics 11 (3.9) 5 (9.1) 6 (2.6) .041
3. Prolonged intubation, tracheostomy,
deterioration in
pulmonary function, O2 dependence or fatal
outcome

13 (4.6) 10 (18.2) 3 (1.3) <.001

Renal complications 24 (8.4) 9 (16.4) 15 (6.5) .029
1. No dialysis, AKIN>2 12 (4.2) 4 (7.3) 8 (3.5) .26
2. Temporary dialysis, prolonged hospitalisation,
permanent impairment

8 (2.8) 4 (7.3) 4 (1.7) .048

3. Permanent dialysis, transplant or fatal outcome 4 (1.4) 1 (1.8) 3 (1.3) .58
Bowel ischaemia 4 (1.4) 1 (1.8) 3 (1.3) .58

1. Recovered with IV or parenteral nutrition 2 (0.7) 1 (1.8) 1 (0.4) .35
2. Bowel resection or fatal outcome 2 (0.7) 0 (0) 2 (0.9) 1.0

Secondary limb amputation 23 (8.1) 6 (10.9) 17 (7.4) .41
1. Major (thigh, leg) 6 (2.1) 3 (5.4) 3 (1.3) .089
2. Minor (forefoot, fingers/toes) 17 (6.0) 3 (5.4) 14 (6.1) 1.00

Discharge from hospital 218 (76.8) 31 (56.4) 187 (81.7) <.001
1. Patient’s home 169 (59.5) 22 (40.0) 147 (64.2) .001
2. Rehabilitation/facility 49 (17.3) 9 (16.4) 40 (17.5) 1.0

Length of stay e daysz 4 (3e6) 4 (3e8) 4 (3e6) .50

Data are presented as n (%), mean � standard deviation, or median (interquartile range). ICU ¼ intensive care unit; IV ¼ intravenous;
MAE ¼ major adverse event; TIA ¼ transient ischaemic attack; PTCA ¼ percutaneous transluminal coronary angioplasty; AKIN ¼ Acute
Kidney Injury Network grading.
* Parametric test (Student t test) was used for comparison.
y The patient who died intra-operatively is not considered.
z Non-parametric test (ManneWhitney U Test) was used for comparison.
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included or excluded from urgent care (Table 1) is both
difficult and dangerous, but a regional consensus about
indications for hospital admission and treatment was ob-
tained. Further international discussion is needed about
these criteria, and about safe protocols that may guarantee
COVID free hospital access to the vascular patient.
A large number of patients who presented with vascular
diseases associated with COVID-19 pulmonary and/or sys-
temic complications were considered unfit for surgery, and
medical therapy was indicated due to poor general condi-
tion (14% of the cohort). Moreover, among patients un-
dergoing medical therapy, an in hospital mortality of 55%



Table 6. Uni- and multivariable analysis results, showing
significant predictors of in hospital death and peri-
operative major adverse events in vascular surgical patients
treated in the Lombardy region, Italy, from 9 March to 28
April 2020

Outcome Risk factor Univariable
analysis

Multivariable
analysis

p OR (95% CI) p

Death
COVID <.001 4.128 (1.563

e10.903)
.004

Age class (SVS) .008
Acute ischaemia .004
Type of
intervention
Open NS
Endo .006
Hybrid NS
BMT <.001 7.203 (1.891

e27.437)
.004

Setting
Elective .024
Urgent
Emergent <.001 13.573

(2.715
e67.866)

.001

MAEs
COVID <.001 3.425 (1.353

e8.671)
.009

Obesity class 5
SVS

.004 13.554 (1.136
e161.777)

.039

Acute ischaemia .001
Referral from
non-Spoke
hospital

.025

Setting
Elective <.001
Urgent NS
Emergent <.001 4.050 (1.113

e14.738)
.034

Need of ICU <.001

OR ¼ odds ratio; CI ¼ confidence interval; COVID ¼ patients
confirmed to be affected by COVID-19 on admission or during
hospitalisation; SVS ¼ Society for Vascular Surgery; BMT ¼ best
medical therapy; MAE ¼ major adverse event; ICU ¼ intensive care
unit; NS ¼ non-significant.
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was recorded, the highest recorded in the subgroups of this
study. This finding was confirmed on multivariable analysis,
in which medical therapy was associated with a sevenfold
increased risk of death.

In this view, the recent ESVS guidelines on the manage-
ment of ALI,21 published in January 2020, just before the
pandemic outbreak, stated that ALI often affects very frail
patients and that decision making between surgical and
medical approaches may be difficult. In particular, in pa-
tients suffering from associated threatening diseases (such
as full blown COVID-19) thrombosis may be a terminal
event, sometimes being referred to as agonal thrombosis.
These considerations adapt well in the particular, dramatic
situation that occurred during the COVID-19 emergency,
and probably underlie the high number of patients treated
conservatively, and who are dead as a consequence.

In the same guidelines, CT angiography is recommended
as the first line imaging modality for patients presenting
with ALI (recommendation 6, class I, level B). If in normal
times this seems to be adequate, during the COVID-19
outbreak CT scanners were extremely busy screening pa-
tients for pneumonia, so probably other diagnostic modal-
ities (e.g., Doppler ultrasound and digital subtraction
angiography) should be preferred. Interestingly, it was also
found that the delay from the onset of symptoms to
definitive treatment was significantly higher in COVID-19
patients. A significant number of these were in ICUs with
severe pneumonia, mostly intubated and sedated, and this
may have contributed to late diagnosis in patients not
complaining of lower limb pain.

Regarding peri-operative death and MAEs, multivariable
analysis identified emergency presentation and COVID-19
disease as independent risk factors for both outcomes,
with ORs ranging from 3.4 to 13.6. These findings are of
paramount importance in order to understand the role of
SARS-CoV-2 infection as a negative prognostic factor, not
only for pulmonary expression, but also for vascular com-
plications. Clarifying the impact of COVID on surgical pa-
tients could lead to the creation of decision making tools to
allocate intensive care resources better, should the surges in
COVID prevalence saturate the capacity of healthcare
systems.

The number of urgent/emergency aortic cases referred to
LombardyHubhospitalswas lower than expected.Global AAA
prevalence was reported to be 2 275 cases/100 000 in-
habitants in 2010;22 a significant decline in incidence of
ruptured AAA over the last three decades has been reported
from many countries in Europe and the United States.21 The
analysis of the nationwide Swedish Vascular Registry (Swed-
vasc) published in 2017 revealed that the incidence of
ruptured AAA decreased from 9.2/100 000 in the 1994e1999
period, to 6.9/100 000 in the 2010e2014 period.23 In 2017, 1
934 patients were treated for AAA in Lombardy, 164 of them
for rupture.24 Thus, assuming that in normal conditions
around 14 ruptured AAAs are treated each month in Lom-
bardy, a 60% reduction was experienced compared with the
estimated number. Actually, a limitation of the Hub/Spoke
model may be the management of haemorrhagic emergen-
cies (such as ruptured aneurysms) in haemodynamically un-
stable patients. Most of these patients require emergency
treatment at the nearest hospital (more probably a Spoke),
thus making referral to another centre quite impossible. For
this reason, these casesmay have been kept of these statistics,
partially explaining the unexpected decrease in aortic emer-
gencies recorded in Hub centres during the pandemic. A
second reason for this decrease may be the environmental
situation in which patients, having to face quarantine,
renounced already scheduled visits or refused to go to hos-
pital for fear of SARS-CoV-2 infection. In this scenario, an
important aspect to discuss is also that there are probably
unknown patients who died at home from aneurysm rupture
or other unrecognised vascular emergencies.
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Likewise, the 2020 ESVS guidelines on vascular graft
infection25 report a 0.16%e0.19% yearly incidence of aortic
graft and 2.5% of prosthetic lower limb bypass infection.
This would mean that around 25e30 patients would have
been expected to present with this complication in the
study period, but only four were treated in the Hubs. As this
drop in graft infection rates is unlikely explained by a
decreased incidence, alternative explanations are the con-
servative therapy that many could have received. Moreover,
at the peak of the pandemic period, people with unex-
plained fever without overt signs of vascular graft infection
could have been isolated from the community and labelled
as “suspect COVID” rather than given the work up necessary
to diagnose vascular graft infection.

In conclusion, vascular surgery activity during the COVID-
19 pandemic in Lombardy was characterised by a high
number of ALI cases and high in hospital mortality, espe-
cially in patients selected for medical treatment. COVID-19
was associated with a fourfold increased risk of mortality
and a threefold increased risk of MAEs. In the immediate
future, international collaborative studies (e.g., the COvid-
19 Vascular sERvice [COVER] Study initiative26) will be
extremely important to assess the changes in practice and
the outcomes of vascular surgery during the COVID-19
pandemic, and to propose specific therapeutic protocols
in these patients.
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