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Abstract

Objectives Increasing evidence suggests that SARS-CoV-2 infection may lead to severe and multi-site vascular involvement.

Our study aimed at assessing the frequency of vascular and extravascular events’ distribution in a retrospective cohort of 42

COVID-19 patients.

Methods Patients were evaluated by whole-body CT angiography between March 16 and April 30, 2020. Twenty-three out of

the 42 patients evaluated were admitted to the intensive care unit (ICU). Vascular and extravascular findings were categorized

into “relevant” or “other/incidental,” first referring to the need for immediate patient care and management. Student T-test, Mann-

Whitney U test, or Fisher exact test was used to compare study groups, where appropriate.

Results Relevant vascular events were recorded in 71.4% of cases (n = 30). Pulmonary embolism was the most frequent in both

ICU and non-ICU cases (56.5% vs. 10.5%, p =0.002). Ischemic infarctions at several sites such as the gut, spleen, liver, brain,

and kidney were detected (n = 20), with multi-site involvement in some cases. Systemic venous thrombosis occurred in 30.9% of

cases compared to 7.1% of systemic arterial events, the first being significantly higher in ICU patients (p =0.002). Among
incidental findings, small-sized splanchnic arterial aneurysms were reported in 21.4% of the study population, with no significant
differences in ICU and non-ICU patients.

Conclusions Vascular involvement is not negligible in COVID-19 and should be carefully investigated as it may significantly

affect disease behavior and prognosis.

Key Points

* Relevant vascular events were recorded in 71.4% of the study population, with pulmonary embolism being the most frequent
event in ICU and non-ICU cases.

* Apart from the lung, other organs such as the gut, spleen, liver, brain, and kidneys were involved with episodes of ischemic
infarction. Systemic venous and arterial thrombosis occurred in 30.9% and 7.1% of cases, respectively, with venous events
being significantly higher in ICU patients (p = 0.002).

» Among incidental findings, small-sized splanchnic arterial aneurysms were reported in 21.4% of the whole population.
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Abbreviations
DVT Deep vein thrombosis
HU Hounsfield unit

ICU Intensive care unit

Min-IP Minimum intensity projection

MPR Multi-planar reconstruction

PACS Picture Archiving and Communication System

PE Pulmonary embolism
ROI Region of interest
WB-CTA Whole-body CT angiography

Introduction

The rapid worldwide infection spreading of the emergent co-
ronavirus SARS-CoV-2 and its related disease termed
COVID-19 has dramatically challenged the medical commu-
nity. This is because of the unexpectedly high degree of ag-
gression of possible clinical scenarios, with the lung being the
most frequently affected site [1-3]. Manifestations of
COVID-19 range from asymptomatic infection and mild up-
per respiratory illness to severe bilateral pneumonia, acute
respiratory distress syndrome (ARDS), multi-organ failure,
and death [4—6]. Since the first SARS-CoV-2 related pneumo-
nia cases were reported in Wuhan, China [1-3], growing lit-
erature evidence suggests that COVID-19 is a systemic dis-
ease as it may affect almost all the human organs. In this issue,
both venous and arterial thrombosis events have been reported
as the main complications of COVID-19 in intensive care unit
(ICU) patients, likely due to the uncontrolled cytokine storm
in severely ill cases [7-9]. Pulmonary embolism (PE), deep
vein thrombosis (DVT), systemic arterial embolism, myocar-
dial infarction, and ischemic stroke are among the most fre-
quently encountered manifestations that contribute to in-
creased morbidity and mortality [8—15].

Whole-body CT angiography (WB-CTA) allows the inves-
tigation of all vascular sites of the body for diagnostics/
prognostication and treatment purposes within a short amount
of time with a single procedure. Commonly performed in
multi-trauma patients, WB-CTA is used in a wide array of
vascular diseases ranging from aneurysmal disease, arterial
occlusive disease, thromboembolic disease, venous disease,
vasculitides, nontraumatic hemorrhage, to vascular
malformations. Given the increasing evidence of the severe
and multi-site vascular involvement in COVID-19 patients,
we investigated whether WB-CTA may have a role in the
diagnostic workup in such a complex scenario.

Our study aimed at assessing the frequency distribution of
systemic vascular events recorded using WB-CTA in a retro-
spective COVID-19 cohort of patients admitted to our hospital
because of SARS-CoV-2 related pneumonia between
March 16 and April 30, 2020. Extravascular findings were
assessed as well.
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Materials and methods

The study was approved by the local institutional Ethics
Committee (registration number: 0021131/2020) and was
conducted according to the Declaration of Helsinki principles.

All contrast-enhanced WB-CTA scans performed in our center
between March 16 and April 30, 2020, in patients tested positive
for SARS CoV-2 were retrospectively obtained from the Picture
Archiving and Communication System (PACS). WB-CTA was
performed as follows: baseline brain and lung volumes were ac-
quired before the double-phase high-speed injection of the con-
trast medium (arterial and venous phase acquisition) that allowed
further sampling of the brain, neck, chest, abdomen, and pelvis.
More in detail, 1.5-2 ml/kg of a non-ionic contrast agent
(iopamidol 370 mg/ml) was injected at the flow rate of 3 ml/s,
followed by 30 ml saline flush. The scanning delay was assessed
using a contrast agent bolus tracking system with the region of
interest (ROI) indicator placed on the aortic arch. The scan was
initiated with a minimal delay after the signal attenuation in the
ascending aorta reached the threshold of 100 Hounsfield units
(HU) for the arterial phase acquisition. The venous phase follow-
ed 100 s later. Data acquisition was performed with a 128-MDCT
Ingenuity scanner (Philips Healthcare) and a 64-MDCT
LightSpeed VCT scanner (GE Healthcare) with the following
parameters: 120 kV; 100-200 mAs; pitch 0.75-1.5; and collima-
tion 0.625-1.25 mm. Images were reconstructed with a slice
thickness of 1-1.25 mm using a high sharpness reconstruction
algorithm (bone filter for lung evaluation). A dedicated soft tissue
filter was used to assess the neck, abdomen, and pelvis; the same
was performed for the brain study. WB-CTA images were ac-
quired with the patient in the supine position with a scout view
ranging from the vertex to the pubic symphysis. The arms were
placed above the head in non-ICU patients and close to the body
in ICU patients. For the lung study, full inspiration was required
when feasible. Thorax imaging was analyzed with both lung
(width 1500 HU; level —700 HU) and mediastinal (width 350
HU; level 40 HU) window settings. A dedicated reconstruction
filter was adopted for the study of the extra-thoracic organs.
Multi-planar reconstruction (MPR) was used to resolve any doubt
interpretation.

Both vascular and alterations were recorded. According to
Thompson RJ et al, findings were classified as relevant, that is
related to the chief complaint, strictly pertinent to immediate pa-
tient care and management; or other/incidental, which are find-
ings unrelated to the chief complaint and not relevant to the pri-
mary patient care [16]. All WB-CTA studies were first indepen-
dently and blindly reviewed by four radiologists with 820 years
of experience and then collectively discussed to reach a consen-
sus. Inter-observer disagreement occurred in a few cases and con-
cemed the scoring of lung disease severity. In these cases, the
average value arisen from the evaluation of the four radiologists
was used.
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Statistical analysis

Numerical variables were described using the mean + standard
deviation (SD) in the symmetrical distribution or the median with
interquartile range [25th; 75th percentile] in case of variables
showing consistent skewness. Categorical variables were summa-
rized using absolute frequencies and percentages. The Student T-
test, the Mann-Whitney U test, or the Fisher exact test was used to
compare study groups, where appropriate. All tests were two-
tailed. A p value < 0.05 was considered significant.

Results

During the study period, 42 out of 126 hospitalized patients
underwent contrast-enhanced WB-CTA, including 23 cases ad-
mitted to ICU. The main clinical indications in no-ICU patients
included acute onset or unexplained worsening of dyspnea, sud-
den onset of edema of the limbs, and critical consciousness alter-
ations. Worsening hypoxemia and D-dimer increase (> 2-fold)
were the main hallmarks in ICU cases. Overall, the mean time
elapsed from fever onset and WB-CTA was 19.6 £6 days (in-
cluding the pre-hospitalization period). Demographics and clini-
cal features of the study population are reported in Table 1. As
shown, there were no significant differences in gender or age
between ICU and non-ICU patients, while active smokers’ fre-
quency was higher in the former. Also, the prevalence of patients
with comorbidities, like type II diabetes, was significantly higher
among ICU cases, with most of them being also obese. The
prevalence of systemic hypertension was similar in the two study
groups, while no patients had an underlying chronic lung disease.
SARS-CoV-2 related pneumonia was detected in all of them with
an estimated mean CT disease extent of 13.7 according to the
lung severity score by Zhao W et al [17]. Lung involvement
was significantly greater in ICU patients, all of them requiring
mechanical ventilation, as compared to non-ICU cases (16+3.2
vs. 11 £4.1, p<0.0001). Figure 1 shows representative bilateral
pneumonia with ARDS-like features in an ICU patient. All pa-
tients were under anti-viral therapy with lopinavir/ritonavir and
paracetamol as needed.

The frequency distribution of relevant vascular events de-
tected using WB-CTA is depicted in Table 2A. Overall, they
were reported in 71.4% (n=30) of the study population, with
aprevalence of91% (n=21) and 47% (n=9) in ICU and non-
ICU patients, respectively. Relevant vascular findings includ-
ed both thrombotic/thromboembolic and hemorrhagic events.
Pulmonary thromboembolism was the most frequent event in
the whole population (35.7%), occurring in more than half of
the ICU patients. It was associated with local or multi-focal
detectable lung infarcts in 19% of cases (n=8§). A representa-
tive example of a massive PE occurring in a previously
healthy young patient with no known risk factors is reported
in Fig. 2. Ischemic infarction of other organs affected the gut,

the spleen, the liver, the brain, and the kidneys with an increas-
ing prevalence and a simultaneous ischemic occurrence in
some patients, as shown in Fig. 3. Multi-focal venous throm-
botic events were reported in 30.9% of the whole study pop-
ulation (n = 13). The majority of these events (11/13, 85%) oc-
curred in the superior vena cava district with a frequency signif-
icantly higher in ICU patients, as detailed in Table 2A.
Conversely, thrombosis of two main arteries (aorta and internal
carotid artery) was reported in three cases with an overall prev-
alence of 7.1% and no differences between the two study groups.
Active bleeding was recorded in 11.8% of patients (n=15) with
the involvement of skeletal muscles. Bleeding included both
spontaneous (n =2) and iatrogenic events (n=3). A representa-
tive patient with multi-focal hemorrhages is shown in Fig. 4.

Other/incidental vascular-related findings are reported in
Table 2B. They included portal vein enlargement and small-
sized splanchnic arterial aneurysms (21.4% of the whole pop-
ulation), with no significant differences in ICU and non-ICU
patients. The enlargement of the main pulmonary artery was
also evident in both study subgroups.

The most prevalent relevant extravascular findings are sum-
marized in Table 3A. Pneumothorax and pneumomediastinum
accounted for 14% of events, with no differences among ICU
and non-ICU cases. Acute pancreatitis was detected in 3 ICU
patients with no relation to previous chronic alcohol consump-
tion or gallbladder or bilious tract diseases. According to the
revised Atlanta classification [18], pancreatitis was mild in 2
cases and moderate to severe in the other one.

Other/incidental extravascular findings included a wide ar-
ray of alterations depicted in Table 3B. Overall, there were no
significant differences between ICU and non-ICU patients.
The most prevalent findings were hepatomegaly, ascites, and
splenomegaly, with a decreasing frequency ranging from 28.5
to 16.6%.

Six ICU patients died, accounting for an overall mortality
rate of 26%.

Discussion

To the best of our knowledge, this is the first report addressing
the prevalence distribution of systemic vascular alterations
evaluated using whole-body CT angiography. This retrospec-
tive case series refers to a selected cohort of COVID-19 pa-
tients that we observed during the first pandemic wave in our
department when treatment strategies were not yet efficiently
tailored. The choice of performing WB-CTA was clinically
guided but was also evaluated from a logistical point of view
as it avoided the need for repeated patient examinations that
would require transportation of the patient from the ward to
the radiology service with a potential increased risk of infec-
tion spreading among hospital staff and other patients.

@ Springer
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Table 1 Demographics and
clinical features of the study
population

Parameter ICU patients Non-ICU patients P
(n=23) (n=19)

Age (yr) 58+ 12 64+ 14 0.163
Gender, M (%) 16 (69) 14 (74) 1.000
Smoking (%) 11 (48) 2 (10) 0.017
Type 1I diabetes (%) 19 (83) 5(26) <0.001
Systemic hypertension (%) 8 (35) 5(26) 0.739
Obesity (%) 11 (48) 2 (10) 0.017
D-dimer (ng/ml) 570 [368-2908] 690 [336-1402] 0.940
C-reactive protein (mg/dl) 17 [11.5-28.8] 15[7.4-22.3] 0.172
Ferritin (ng/ml) 1052 [527-1212] 718 [478-1211] 0.312
Interleukin-6 (ng/ml) 356 [41-763] 45 [33-64] 0.003
Blood lymphocytes/mm® 800 [600-1100] 870 [720-1410] 0.456
Endotracheal intubation (%) 23 (100) 0(0) <0.001
Non-invasive ventilation (%) 0(0) 8 (44) 0.001
Hydroxychloroquine (%) 23 (100) 19 (100) 1

Tocilizumab/sarilumab (%) 9 (39) 8 (42) 1

Azithromycin (%) 0(0) 19 (100) <0.001
Systemic steroids (beta- or dexamethasone) (%) 18 (78) 13 (68) 0.504
LMW prophylaxis (%) 23 (100) 8 (44) <0.001
Death (%) 6 (26) 0 (0) 0.024

Data are expressed as mean + SD or as median [25th—75th], where appropriate. Statistically significant results are

reported in bold

Vascular CT findings were recorded both in ICU and non-
ICU patients and were differentiated into either clinically rel-
evant or incidental. They were most frequently represented in
ICU patients, in whom more advanced lung disease, comor-
bidities, obesity, and increased IL-6 levels played as triggering
factors. In agreement with previous observations, pulmonary

Fig. 1 Axial thin-section baseline
unenhanced lung CT scan in a 33-
year-old patient who presented
with fever and cough, ultimately
requiring ICU admission due to
significant worsening of respira-
tory failure. Diffuse bilateral con-
fluent and patchy ground-glass
and consolidative pulmonary
opacities are evident from the
lung apices (a, b) to the bases (c,
d), with a total severity score of
20/24 (see text)

a
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embolism was the most frequent event (35.7% of the total
patient population), with 86% of ICU patients. None of them
had a previous history of deep vein thrombosis or PE. Venous
thrombosis occurred in different sites and accounted for 26%
of total clinically relevant events, with 62.5% of cases admit-
ted to ICU. This finding is in line with data by Santoliquido
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Table2 Frequency distribution of relevant (A) and other/incidental (B) findings of vascular events by contrast-enhanced whole-body CT angiography

Parameter Total ICU Non-ICU p
patients patients patients
(n=42) (n=23) n=19)

A

Ischemic brain injury 6(142%) 4(174%) 2(10.5%) 0.672
Pulmonary thrombo-embolism 15 (35.7%) 13 (56.5%) 2 (10.5%) 0.003
Pulmonary infarction 8 (19%) 5@21.7%) 3 (15.7%) 0.709
Venous thrombosis of the superior vena cava district (jugular/subclavian/axillary/superior vena 11 (26%) 10 (43.4%) 1 (5.2%) 0.005

cava

Venou)s thrombosis of the inferior vena cava district (ileo-femoral) 2 (4.7%) 2 (8.7%) 0 0.492
Aorta thrombosis 1(2.3%) 1 (4.3%) 0 1
Internal carotid artery thrombosis 2 (4.7%) 2 (8.7%) 0 0.492
Hepatic infarction 2 (4.7%) 2 (8.7%) 0 0.492
Splenic infarction 3(7.1%) 1 (4.3%) 2 (10.5%) 0.581
Renal infarction 8 (19%) 6 (26%) 2 (10.5%) 1
Mesenteric ischemia 1 (2.3%) 1 (4.3%) 0 0258
Iliopsoas hematoma with active bleeding 4 (9.5%) 2 (8.7%) 2 (10.5%) 1
Rectus abdominis/quadriceps femoris hematoma with active bleeding 1(2.3%) 1 (4.3%) 0 1

B

Main pulmonary artery enlargement (> 30 mm) 2 (4.7%) 2 (8.7%) 2 (10.5%) 1
Portal vein enlargement (> 16 mm) 8 (19%) 4(174%) 4 (21%) 1
Small-sized splanchnic arterial aneurysms 9 (21.4%) 7 (30%) 2 (10.5%) 0.149

Data are reported as absolute number (%). Statistically significant results are reported in bold

Fig. 2 WB-CTA in a 33-year-old patient (same case of Fig. 1) showing
the presence of extensive embolic obstruction of the right (a) and left (b,
multi-planar reconstruction) main branch of the pulmonary artery (a and
b, respectively). Dilatation of the bronchial arteries is also appreciable (b,
MPR reconstruction). This finding was likely suggestive of unrecognized
subclinical recurrent or chronic PE (unremarkable clinical history, no

manlP thicknass B mm

previous CT imaging available). However, no indirect features compati-
ble with chronic thromboembolic pulmonary hypertension, like deviation
of the interventricular septum and mosaic perfusion, were detected, as
respectively shown in panels ¢ (axial section on the heart chambers)
and d (min-IP coronal view of the lungs)

@ Springer
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Fig. 3 WB-CTA showing an
extensive thrombotic filling
defect within the aortic arch (a)
and bilateral kidney infarction (b)
in a 57-year-old no-ICU patient
with acute chest pain and sudden
onset of discoloration of the upper
limbs. Thrombosis of the distal
inferior cava and iliac veins (c)
along with the concomitance of
left iliac artery partial thrombotic
occlusion in a 68-year-old ICU
patient with acute onset of lower
limb edema

et al, who reported an 11.9% incidence of deep vein throm-
bosis in a cohort of 84 non-ICU COVID-19 patients receiving
thromboprophylaxis [19]. Additional vascular events widely
ranged from pulmonary infarction and ischemic brain injury
to infarction of abdominal parenchymal organs. The frequen-
cy distribution of these events was similar in ICU and non-
ICU patients, suggesting a sort of dysregulation of the coagu-
lation process even in less severe cases. Unlike vein

Fig. 4 Multi-site active bleeding
in a 63-year-old ICU patient with
sudden onset of dyspnea along
with severe acute anemia. Arrows
show contrast medium extravasa-
tion in the left carotid space (a), in
the left rectus abdominis muscle
(b), in the left psoas muscle and
homolateral perirenal/posterior
pararenal space (c), and the right
iliac extra-peritoneal space (d)

@ Springer

thrombosis, only a few reports have been focused on systemic
arterial embolism in COVID-19 patients. Among these, Klok
FA et al reported a 3.7% prevalence of arterial thrombotic
events in 184 ICU patients [20], while Kashi M et al more
recently described a case series of additional 7 cases [21].
Increasing evidence suggests infection of endothelial cells
by SARS-COV-2 to be relevant to pathogenesis [22]. In our
case series, the prevalence of systemic vein thrombosis was
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Table 3 Frequency distribution

of relevant (A) and other/ Parameter Total patients ICU patients Non-ICU patients p

incidental (B) findings of extra- (n=42) (n=23) (n=19)

vascular events by contrast-

enhanced whole body CT A

angiography Pneumothorax 3 (7.1%) 2 (8.7%) 1(5.2%) 1
Pneumomediastinum 3(7.1%) 3 (13%) 0 0.238
Acute pancreatitis 3(7.1%) 3 (13%) 0 0.238
B
Cervical subcutaneous 3(7.1%) 3 (13%) 0 0.238

emphysema

Hydropericardium 2 (4.7%) 2 (8.7%) 0 0.492
Pneumoretroperitoneum 2 (4.7%) 2 (8.7%) 0 0.492
Mediastinal lymphadenopathy 2 (4.7%) 1 (4.3%) 1(5.2%) 1
Ascites 11 (26%) 9 (39%) 2 (10.5%) 0.075
Hepatomegaly 12 (28.5%) 8 (34.7%) 4 (21%) 0.494
Splenomegaly (> 15 cm) 7 (16.6%) 5 (21.7%) 2 (10.5%) 0.427
Hydropic gallbladder 1(2.3%) 1 (4.3%) 0 1

Data are reported as absolute number (%)

30.9% compared to the 7.1% of arterial thrombosis, with ve-
nous events mostly occurring in ICU patients compared to
non-ICU cases. Altogether, these observations are of utmost
clinical relevance as early anticoagulation therapy has been
shown to significantly improve patient outcomes in moder-
ate—high-risk patients [23-26]. Incidental vascular findings
were also similarly distributed in both ICU and non-ICU
cases, with small-sized splanchnic arterial aneurysms being
present in 30% of ICU patients (21.4% of the whole
population).

When looking at extravascular findings, ventilation-related
complications, like pneumothorax and pneumomediastinum,
were detected in a small proportion of ICU cases. Previously
reported as COVID-19 presenting event by Aloysius et al
[27], acute pancreatitis was detected in 3 ICU cases, thus
allowing clinicians to start targeted therapies.

Our study has some limitations that include the small sample
size, the single-center setting, the short-term observation period,
and its retrospective nature. The inclusion of a more significant
number of patients would undoubtedly have improved the power
of the study. Unfortunately, this was not realistic as our study
population already included all patients evaluated with whole-
body angiography during the first wave of the COVID-19 pan-
demic. Also, we had to rule out patients evaluated with organ-
selective angiography to avoid any interpretation bias. Certainly,
despite a not negligible rate of deaths (26%), our observations
have helped our clinicians facilitate patient management, reinforc-
ing the role of a multi-disciplinary team in an acute setting like
this. The study period was also concise and limited to early dis-
ease occurrence when therapy strategies were still empirical.
Comparison with larger cohorts including COVID-19 patients
receiving tailored treatments should have been useful to address
how the disease appearance has changed over time and the

improvement of medical interventions. According to literature
data, the prevalence of thrombotic events in ICU patients can be
up to 60%, with incidental thromboembolic alterations detected
by CT in 31.9% of ICU cases [28, 29]. About this finding, it is not
possible to exclude that the high frequency of such alterations in
our ICU COVID-19 case series was independent of the SARS-
CoV-2 infection but related to ICU hospitalization itself. Again,
comparison with no COVID-19 ICU patients should have been
interesting but unfortunately not reliable because of the emergen-
cy working conditions.

In conclusion, vascular involvement is not negligible in
COVID-19 patients. WB-CTA proves to be useful in this set-
ting as it helps to map the vasculature at the systemic level and
simultaneously offers the opportunity to catch extravascular
events, either relevant or not. Radiologists are critical players
in COVID-19 management as early imaging identification of
both clinically relevant and incidental findings may signifi-
cantly affect disease behavior and prognosis.
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