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cardiovascular department of Northern Italy*

1. Introduction

Since the declaration of the Coronavirus Disease 2019 (COVID-19)
pandemic, much of clinical attention has been focused on ARDS, treat-
ment, and respiratory outcomes [1]. More recent studies have shed light
on another worrisome complication, namely the association between
COVID-19 infection and hypercoagulability [2]. Venous thromboem-
bolism and myocardial injury have been described in preliminary re-
ports, but so far few of the published studies have reported observations
of arterial involvement triggered by COVID-19 infection [3-6]. What
was strikingly unexpected during this outbreak period was the unex-
pectedly high occurrence of peripheral arterial thromboembolism across
MACE (Fig. 1).

If the pandemic continues throughout 2020 which is predicted, we
will observe a significantly higher number of patients suffering from PE
and ALI compared to the same period of first three months of 2019
(Fig. 2).

Although hypercoagulable state, thrombophilias, and sepsis-induced
coagulopathy have been preferentially associated with venous throm-
boembolism, in our early experience the COVID-19 related hypercoag-
ulability involved the arterial system (cardiac and peripheral) in over
30% of cases. There are different reasonable aspects to support this
observation. First, though the mean age of the ALI group in our series
was significantly higher compared to patients with PE and ACS, the
incidence of COVID-19 related pneumonia in ALI group was the same as
the PE group [2,4,5]. Second, histological evaluation of the thrombi
removed during ALI interventions is dense with inflammatory elements,
similar to the description from the previous SARS-CoV-1 epidemic [7].
Third, we have seen a higher than expected rate of technical failure after
percutaneous coronary interventions or lower limb surgical revascu-
larization. As early failure rate of 23% is astonishingly high when
compared to the operative results of such procedures in a non-COVID-19
time [6]. This is alarmingly high if we consider that, although special
considerations were taken in terms of personnel reorganization during
this pandemic, cardiovascular and surgical teams were the same
comparing COVID-19 and non-COVID-19 periods. Fourth, the positive
response to heparin treatment and the observation that, at least in the
ALI group, the use of a more aggressive treatment protocol with intra-
venous heparin led to no thrombotic recurrence in treated vessels, may

serve as evidence of coagulopathy leading to the high failure rate [2].
Whether all these data can be ascribed to the acute hypercoagulability
states or due to advanced preoperative condition is currently impossible
to be ascertained, but may support the concept of endothelial aggres-
siveness of the virus in the arterial system [2,9]. Furthermore, the fact
that, potentially, we are observing significantly fewer patients suffering
from ACS is surprising and somewhat unexpected [3,4,8]. Currently, we
are not able to find an unquestionable explanation for our finding,
especially if we consider that in our series the ACS group showed a
medical history characterized by a higher rate of cardiovascular risk
factors if compared to what reported in larger cohort [4,8]. It is also
possible, that people with cardiac symptoms are not utilizing the
healthcare system due to inability to access or fear, and thus, are under-
reported [9].

Overall mortality was 38% in our early experience, which is com-
parable to the 37-69.4% range reported in COVID-19 cohorts with
cardiovascular complications, albeit we have not seen a higher mortality
rate in COVID-19 patients with pre-existing cardiovascular risk factors
[4,8,9]. There are three different findings from our initial experience.
First, chest hrCT assisted in confirmation of a COVID-19-related pneu-
monia, with progressive parenchyma involvement also predicting an
increase in mortality risk as recently published. Specifically, an
involvement score >75% was associated with a 72% probability of death
[1]. Second, while the SOFA score was born as intensive care unit risk
score to predict mortality, and despite not all our patients needed
intensive care unit stay, mortality was significantly higher for those
patients presenting with a SOFA score >3 [10]. Third, in our cohort,
heparin was used in a similar percentage with all MACE and we did find
that the use of heparin was significantly associated with better survival
independent of the types of drugs received as pharmacological treatment
for COVID-19 [2]. In summary, the type of MACE did not affect mor-
tality, and both cardiac and peripheral vascular events were character-
ized by a high rate of technical failure with recurrent thromboses
providing additional evidence to the coagulopathy that is becoming
increasingly recognized with this pandemic. While lung parenchyma
derangement >75% induced by the COVID-19 pneumonia is inherently
to this pandemic infection, the use of heparin in addition to COVID-19
pharmacological treatment improved survival compared to those who
did not receive heparin.

Abbreviations: ARDS, acute respiratory distress syndrome; COVID-19, novel coronavirus disease 2019; MACE, major adverse cardiovascular event; PE, pulmonary
embolism; ACS, acute coronary syndrome; ALI, acute limb ischemia; hrCT, high resolution computed tomography; SOFA, sequential organ failure assessment; SIC,
sepsis-induced coagulopathy; SD, standard deviation; IQR, interquartile range; OR, odds ratio; AUROC, area under the receiving operator curve; CI, confidence

interval.
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Fig. 1. Number of MACE cases and the overall cohort of patients stratified by COVID-19 infection and department‘s unit.(MACE = Major Adverse Cardiovascular
Events; CV19 = COVID-19)
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Fig. 2. Comparison of 2019 and 2020 including the estimated overall number of patients managed at the cardiovascular department, and the comparisons stratified
by underlying cardiovacsular disease. (PE = pulmonary embolism; ACS = acute cardiac syndrome; ALI = acute limb ischemia).
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