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Abstract

The purpose of our review is to discuss the role of CT angiography (CTA) in evaluating a variety of vascular complications
in critically ill COVID-19 patients. The COVID-19 pandemic continues to be a worldwide health threat. While COVID-19
pneumonia is the most common and well-recognized presentation of COVID-19, severely ill hospitalized patients often pre-
sent with extrapulmonary systemic findings. Vascular complications occur not only due to known viral-induced vasculopathy,
coagulopathy, and related “cytokine storm,” but also due to anticoagulation medication used during hospitalization. There
is a paucity of articles describing extrapulmonary vascular findings, especially in critically ill COVID-19 patients. In our
article, we discuss commonly encountered vascular imaging findings in the body (chest, abdomen, and pelvis) and extremities,
the importance of early radiological detection, and the role of CTA in the management of critically ill COVID-19 patients.

Keywords CT angiography of body and extremity - COVID-19 - Vascular findings - Critically ill patients

Introduction

The COVID-19 pandemic caused by severe acute respiratory
syndrome coronavirus-2 (SARS-CoV-2) has been associated
with significant morbidity and mortality, primarily due to
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respiratory failure and subsequent multisystem involvement.
Early radiographic investigations focused on lung findings,
but COVID-19 infection is increasingly recognized as a
multi-organ disease. Notably, COVID-19 infection is further
complicated by coagulopathy, with disseminated intravas-
cular coagulation (DIC) reported in a majority of patients
who die of COVID infection [1]. Although thromboembolic
events in critically ill COVID patients are well-recognized,
anticoagulation strategy remains complex: while the inci-
dence of thromboembolic events is considerable, especially
in ICU patients, the occurrence of potentially lethal hemor-
rhagic events and overall inpatient mortality increases with
therapeutic-dose anticoagulation [2]. Thus, escalation of
anticoagulation dose to therapeutic levels requires careful
consideration of risk factors and therapeutic benefit.

Most patients who test positive for COVID-19 demon-
strate a hypercoagulable state, including elevated D-dimer,
troponins, ferritin levels, and leukocytosis; however, base-
line laboratory features are poorly predictive of which
patients will experience thromboembolic events [3]. Thus,
imaging plays an active role in appropriate diagnosis and
management of these critically ill patients, including initia-
tion of therapeutic-dose anticoagulation and requirement for
invasive mechanical ventilation [4, 5]. There remains a pau-
city of articles summarizing vascular complications on CT
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angiography (CTA) of the body (especially abdomen-pelvis)
and extremities. We aim to describe the spectrum of throm-
boembolic and hemorrhagic manifestations of COVID-19
infection on CTA body (chest, abdomen-pelvis) and extrem-
ity and discuss a review of literature of vascular findings,
which, to our knowledge, would be the first of its kind.

Pathophysiology

SARS-CoV-2 infects host cells by co-opting the angiotensin
converting enzyme 2 (ACE2) receptor expressed in the lung,
heart, kidney, and bowel; notably, ACE2 is also expressed in
endothelial cells. Direct vascular endothelial cell infection by
SARS-CoV-2 and subsequent endothelial and inflammatory
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Fig. 2: Cytokine storm-related endothelial sequela of COVID-19

@ Springer

Pathophysiology | [ Endotheliitis impairs systemic
l i NON-CONTRAST CT CHEST
I Subsegmental vascular congestion
CT & CTA Chest | with vessels diameter (>3mm) in

L ___________________________1

cell death facilitates the induction of endotheliitis and micro-
vascular dysfunction [6]. This endotheliitis impairs systemic
microcirculatory function in vascular beds. In conjunction
with subsequent proinflammatory “cytokine storm,” with
elevated interleukin-2, interleukin-7, granulocyte colony
stimulating factor, interferon Y, and tumor necrosis factor
a, this underlies the development of clinically significant
systemic vascular sequelae [6, 7] (Figs. 1 and 2).

Thus, the hypercoagulable state associated with COVID-
19 infection is putatively due to both direct viral-mediated
apoptosis and secondary cytokine storm, microvascular
endothelial damage, and hypoxia [8, 9]. Though the mecha-
nism by which SARS-CoV-2 induces hypercoagulability
is incompletely understood, studies suggest that elevated
D-dimer in acute COVID-19 infection represents a true
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thrombotic state, i.e., induced by viral-mediated cellular
activation and cytokine storm—rather than secondary to
systemic inflammation alone. [10].

Review of radiology literature

A detailed query of PubMed, Google Scholar, and Scopus
was performed to identify pertinent publications on CTA
findings in the chest, abdomen, pelvis, and extremity of
patients hospitalized with COVID-19 infection. The lexicon
search terms “coronavirus,” “COVID-19,” “CTA,” and “CT
angiogram” were used to identify case reports, case series,
and original research publications written in the English lan-
guage between December 1, 2019, and June 1, 2021, with
no restriction on country of study, patient age, race, gender,
or number of patients in the study. Initial search identified
323 publications, of which 287 were excluded on inspection
of title and abstract for the following criteria: modeling or
in vitro studies, studies in non-human subjects, systematic
reviews and meta-analyses, articles not written in English,
and articles without available full text. An additional 21

publications were removed on detailed review for lack of
CT angiogram findings in the areas of interest or lack of
vascular findings, leaving 15 publications for inclusion in
this review. An additional 8 publications describing vascular
findings seen on routine CT scans of abdomen and pelvis
were added on secondary review of literature.

We identified a total 23 studies encompassing a total
13,838 patients (Table 1). Of these, 837 patients were criti-
cally ill and admitted to the ICU. A total of 513 thrombo-
embolic and 36 hemorrhagic events were documented as
detailed in Table 2.

Vascular findings on CT angiography
CTA chest

Findings typical of COVID-19 pneumonia have previously
been well-described: peripheral-predominant ground-glass
opacities (GGO) with and without reticular pattern, consoli-
dation, vacuolar sign, fibrous streaks, vascular dilation, and
air bronchogram [11, 12]. In these patients, acute pulmonary

Table 1 Research publications No.

o Authors Publication date Country Hospitalized
descrlb.mg the CTA body and patients sample size
extrerplty Vascular sequelae (ICU)
associated with COVID-19
infections Original Research

1 Abdelmohsen et al. Nov 2021 Kuwait 40 (25 ICU)
2 Vadvala et al. Jun 2021 United States 45
3 Cau et al. May-2021 Italy 84
4 O’Shea et al. Apr-2021 United States 308
5 Valle et al. Apr-2021 Italy 114
6 Lee et al. Jan-2021 United States 192
7 Horvat et al. Jan-2021 Brazil 81
8 Poyiadji et al. Dec-2020 United States 337
9 Ogawa et al. Nov-2020 United States 6690
10 Baccellieri et al. Nov-2020 Italy 200 (40 ICU)
11 Ooi et al. Nov-2020 United Kingdom 84
12 Moll et al. Nov-2020 United States 210 (102 ICU)
13 Shah et al. Sep-2020 United Kingdom 187
14 Goldberg-Stein et al. Sep-2020 United States 141
15 Klok et al. Jul-2020 Netherlands 184
16 Lodigiani et al. Jul-2020 Italy 388 (61 ICU)
17 Al-Samkari et al. Jul-2020 United States 400 (144)
18 Grillet et al. Apr-2020 France 100
19 Bhayana et al. Feb-2020 United States 134
Case Series and Case Reports
20 Nakamura et al. Dec-2020 Japan 2
21 Angileri et al. Jul-2020 Italy 5
22 Javid et al. Jul-2020 Iran 1
23 Rotzinger et al. Jun-2020 Switzerland 1

@ Springer



Emergency Radiology (2022) 29:263-279

266

I ‘uonorejur onedoy
{ ‘UOTOIRIUT [RUNY

I ‘SIS
-ojewnaud o1u0[0d
Kq payeoridwo)
159}  ‘uonorejul pay1oads as1MIaYI0 J0U
JueoyIuSIs A[[ednsnels oN [RTIYOST [omog 1T ‘dd 9% ‘ALA Auy ‘pajedIpul K[[ed1ur|d sy 80¢ ‘839 83YS.0 14
dd 10} SuTwIOOUO0d
s3urpuy A10jeI0qe|
‘y3no)H
JoWIp-(J PajeAdd’ [ (60) ¥T Ad ‘eduds£(q 8 JLECRILO) €
¥ ‘A/AN
€ ‘@TWIOYOST [omoyg
‘S PRIQID
‘6 ‘ured [eurIOpQVY
STAPJ/IPWOpqY
‘6 'dOS
b ‘dd 10} uonenjeAq
‘1 ‘erxodAH
(r¥'p) T ‘swskr  ‘ured 1504 TISINY
-naueopnasd [er10)ry 1 ‘stsdag
(L99) HANJILSIGH|
L1Ld® ‘Ld “¥dNI “Pwip-g € ‘SISoquIoy] [BLISLLY (TT) 1 ‘wskr ‘81 ‘eSeyLIoway
‘uoSournIqr] pAAS[H'T (L9%) 17 ‘ewolewdy  -noueopnasd [eroiry JO 90IN0S I10J uonen[eAq <% ‘[€ 19 B[eADPRA 4
T ‘snquioay}
©1IOR [RUTWOPQY
[ ‘ewo)
-BUWIQY OLIQJUISIIN
¢ ‘ewojeway
Je[nosnuwesul pue
[esuoirrodenxa o1A[od
1 ‘ewojeway
[eouojLIadenIXa JIA[9d
 ‘ewo)
-ewWIAY JBAYS SNIOAY
8!
‘ewrojeway seosdor(y S[AQ]
159} 1 ‘eTWAYOST [oMmog urqo[3oway JuISeaIdp T’
JuedyIuSIs A[[eonsne)s oN 1 “oxejur orud[dg J0 ured reurwopqge aNdY  (NDI ST)0P uasyowepqy 1
ylog ‘¢
‘oSeyrIoway g
sisoquuioay g, “ [ (%) u ‘payroads
s (%) -UN puB MIAIIAQ Surdewr sjuaned
P9IBIOOSSE §1$9) AI10jRIOqR (%) u ‘Aruanxg U ‘STA[9d-USWopqy (%) u 9sayD sSurpur] Surdewy JOJ UOTJROIPUIT [BITUI[) Jo "oN sIoyny "ON

S9B[21109 A10jeIOqR] puk sSulpuy SuiSewr yiim de[onbas Je[nosea pajeIoosse-1-qIAQD JO MIIAI AINJBINIT ¢ dqeL

pringer

Qs



267

Emergency Radiology (2022) 29:263-279

pringer

a's

‘4 ur onjewoydwAs
1om Jd s syuaned
01 Ut LAQ ‘swoydwAs

ST LAd 1A Jo 1uopuadopur
1M PAJBIOOSSE JON Suruoarog ‘syuaned (N1 0%)
Towrp-q pareAd ' T (%S¥1) 6T LA A1 (Top) s¢ ‘ad 61-AIAQD pazifendsoq 00C  ‘[eIoLRMEddRg [
T ‘BIULI_YIO[BYIod
*(9/9) YSH pareadld T ewayAig
(/L) UNLLISY PAILAI[H 7 ‘SSOUBIM
:(8/8) ToWIp-( PareAd[q I ‘LAd AN *T ‘ssuqunN
“(Pa1s9) 8/8) IO PareAdd' | 6 LAQ AT *9 ‘ured Kyrwenxyg 0699 ‘e eme3Q  OI
yooys oruajorodAy
o13eyrIoway J0J Sut
-UI92U0d S3uIpuy [ed
L1dV pue udSourqy -IUI[D)BWOIRWAY 1o Sul
TOWI(J-( PAIBAS[H '€ 7 ‘ewojeway seosdor| -UI90U0d S3UIpUL [BITUI]D) 4 Te e eInweeN 6
(ED) 6 ‘TenU)
(I€) TT “Teqo]
(6°9) ¥ ‘TeIuoWISasqng
(19) L€ ‘TeyuowiSes pagroads asImIay)o Jou
Towip-(J pareAd[q' | (o) TL‘ad ‘pajedrput K[[eorur(o sy LeEE Tejo ifpeikog g
T ‘uon
payoads JoN -oTejur uegio pIjos PajedIpUI AJ[ROIUI[D SY 18 ‘[ IeAIOH [
S159) pay1oads as1mIaylo Jou (nD1
JueOyruSs A[esnsners oN (D) v€ ‘1A CDerad (%90 6v ‘ALA Auy ‘poYedIpur A[[edIur[d Sy 66) 61 w1 9
asdey[oo A103e[NoII)
(6'91) K1911R {S15K)
Areuownd urewr -dowoy ‘ured onundig
J10/pue UNI} Urejy ‘eoudsAp Suruasiop
(¢'81) snonmbiqn ‘Sutmorjoy oy jo
(0%) 2qor-ourg QI0W IO QU0 0) UONIPpE
Jowp-( poreAd[d [ (LS) $9 Ad Ut JowIp-( pareasrq 141! TeRoIrA ¢
yog ‘¢
‘oSeyLIoWay ‘7
sisoquuioayy, “| (%) u ‘payroads
Qs (%) -UN puB MIIAIIAQ Surdewr syuaned
PaIBIOOSSE 159} A10JBIOqR T (%) u “Ayruonxyg U ‘STA]oJ-UWOPqY (%) U 9sayD s3urpur,] SurSewy IO} UOTJEDIPUT [EOTUI]) Jo 'oN sioyny  "ON

(ponunuoo) zsjqey



Emergency Radiology (2022) 29:263-279

268

(€0
I ‘LA pae[a1

-20YIeD(€°0) 1

one1 {1

/fOed Sursn passasse
uonouny K1ojendsar
SuruosIom Io ‘ISWIp-(]

LA s (1°1) ur aseasout prdey \LAQ (ndI1
(91/61) 1owIp-( pareadlq’| ¥ “LA [ewIxoiq (%80 01 ‘dd (L°L) 8T ALA Auy Jo swoydwis 1o sustg 19)88¢ ‘e 10 WeISpo L]
L@
-uowSasqns) [eISI suorn
L1de paguo| 81 ‘(Teyuowigos 1o -eordwos onjoquioIy)
-01d “1.d payesuojoid‘| Teqo[) [ewIxo1d<g ‘Ad (%L0) ALA fuy Jo uorordsns [edtur[) NOI 81 e 91
1 ‘ewo)
 ‘sjoTejul [eudy -BUWIOH ¢ ‘UOISN[OJ0 pay10ads 9s1mIaY30 Jou °P
QSH peseardo | € ‘LAd t ‘s1orejur oruardg [eLIOVY TPAYIadSU] ‘pajedtput A[[eorur|d sy 44! ur)§-810gpon - G|
IowI(-J Y31y A[owanxyg
Suouriredur
UnLLy (1D T *Su1pa9[q NH AY JO 20UpIA NIM
PAIBAS[HSIS0IKO0YNOT¢] (7€) 9 ‘Surpasq 1D ATIqe)ISuT OTWEUApOWwoH
uruodon pue J, (umouryun “uowarmbar
uruodon pajeadrq QouopIOUr) uagAxo Jursearouy
“IowIp-( PARAIH ¢ (€v) 8 1Ad BIWLYDST [eUNSAU] (ST T Ad  (%EeD) 18 ‘ALA Auy 894D NOI L8 TeRyeys  vI
T ‘SalIIe
$159) Areuownd [ejuow3os HLA JO 9AD (NDI 201)
JueoyIuSIs A[[eonsneIs oN L ‘LAd Tewrxoid 10 18qO] SUIAJOAUT HJ -sag3ns sSurpuy eorur) 012 TeRION €1
9 ‘e1pIRIAYOR],
¢, ‘sisKidowoy
gz ‘ured 3s9UyD
¢/ ‘yuowarmbar
ua3Axo Fursearouy
‘6T ‘dOS
*9€ “IoWIp-( preAdq
Jowp-( pareAsrd | ‘79 ‘61-AIAOD 78 eR00 Tl
yog ‘¢
‘oSeyLIoWay ‘7
sisoquuioayy, “| (%) u ‘payroads
Qs (%) -UN puB MIIAIIAQ Surdewr syuaned
PaIBIOOSSE 159} A10JBIOqR T (%) u “Ayruonxyg U ‘STA]oJ-UWOPqY (%) U 9sayD s3urpur,] SurSewy IO} UOTJEDIPUT [EOTUI]) Jo 'oN sioyny  "ON

(ponunuoo) zsjqey

pringer

Qs



269

Emergency Radiology (2022) 29:263-279

T ‘(onedey
‘orug[ds ‘[euar) uorn
-oTejur uegio pIjos

payroads JoN T ‘UOTIOIRJUI [oMOg paredrpul A[[eoIuId sy y€1 ‘e euekeyqg €7

sanipiq

-Jowod urk[Iopun 1o

juawarinbar uonemua

[eoruByOoW ‘39 ‘9SBASIP

$159) QJOAJS JO SAINJLIJ
oy IuSIs A[[eonsnels oN (€0 €T 'ad [BOTUI[D JO 3oussald 001 TeRIuUD T

eruadolko eoudAyoe ‘eoudsAqiq|
-oquuiorq, ‘eruadoydwiy -1 (00D) T ‘dd -aIA0D I Tejo 108uIzI0Y [T

BuIOjeWY

I pue A11qeIsul drweu

owip-q ‘BUWIOJBWIAY [BAUOILID -Apoway 10J SuruIad
PoIBAQ[R ‘QSH Posea1d 'L -domnar snosuejuodg -uod s3urpuy [eorur)) I ‘eI praRf  (OT

Hd 10§ Sur

-UI90U0 S3UIpuly [BITUID)

BuIOjRWY

pue AJ[Iqe)sur orweu

1 ‘ewojeway -Apoway 10y 3uTUIdD
urqo[oway Mo seosdorr snoduejuodg 1ad -uod s3urpuy [edrur) S ‘e RSy 6

7 ‘oSeyx
-Ioway paje[al
SSOJ0B-IR[NOSBA 1 ‘oSeyr
1 ‘sesoq -Joway Areuouwng
-woIy) AI9)Ie [eIpel € ‘dd
JowIp-(J PareAd[q ‘¢ PAIBIOOSSB-IUT] pue JAJ JUBIWOdU0))
uoneud T ‘s1Isoquioy) I ‘paygroadsun I (& (8'%) 1T ‘syuand
-sa1d je utuojroreoold pue snouda [eroyradng ‘UIpa9[q reuIIu] -uow3asqns) [eIsIq Surpa9r1g(8'+) 61

‘UNLIIRY ‘udSouriqy ‘QYD 1 ‘LA AN 1 ‘ewolewdy Aouprs] 9 ‘(Jejuswdas/1eqor) ‘ALA pauwIguod pagroads as1mIaYo J0u

pajeAdg sTso)LooquIor ] | T LAQHT 8 ‘3urpad[q 1D [ewrxoid 01 ‘dd -A[reoryderSorpey  tpajedtput A[eOIUIO S (44[) 007 T8I0 LEweS-[Y Q]
yog ‘¢
‘oSeyLIoWay ‘7
‘SIsoquoIy [, | (%) u ‘payroads
Qs (%) -UN puB MIIAIIAQ Suieuwr syuaned

ParRIOOSSE $159) K10JRI0qR] (%) u ‘Aruanxg U ‘SIA[oJ-USWopqy (%) u 9say) sSurpur Suidewy 10J UOnEdIpUI [BITUID) Jo 'ON sioyiny "oN

(ponunuoo) zsjqey

pringer

a's



270

Emergency Radiology (2022) 29:263-279

thromboembolism occurs with high incidence, particularly
in severely ill, hypoxic patients admitted to the ICU. [13].

Pulmonary embolism

Subsegmental vascular enlargement (more than 3 mm diam-
eter) in areas of lung opacity was observed in 89% of patients
with confirmed COVID-19 pneumonia [13]. Pulmonary
embolism (PE) is more commonly found in the segmental
and lobar branches and less commonly in the central pul-
monary arteries. Medium to small vessel dilatation is highly
prevalent in COVID-19 pneumonia, is not confined to areas
of diseased lung, and often involves subpleural vessels, sug-
gesting a diffuse vascular process. Perfusion abnormalities
are common features of COVID-19 pneumonia, including
mosaic perfusion, focal hyperemia in a subset of pulmonary
opacities, focal oligemia associated with a subset of periph-
eral opacities, and rim of increased perfusion around an area
of low perfusion (“hyperemic halo” sign). [14].

In our review, 12 studies found an incidence of PE rang-
ing from 2.8 to 57%, with patients admitted to the ICU
experiencing PE at significantly higher rates [3, 5, 15-24].
Though isolated COVID-19 infection represented the most
common indication for CTPA imaging request, clinically
apparent dyspnea, hypoxia or increasing oxygen require-
ment, chest pain, hemoptysis, and tachycardia, as well as
elevated D-dimer, were the most common indications for
additional imaging [22]. Cau et al. found that COVID-19

Fig.3 A 68-year-old female
with recent hospitalization for
COVID-19 presented to the
emergency department with
complaint of abdominal pain.
CTA chest abdomen pelvis
shows a small, nonocclusive
thrombus in aortic arch (red
arrow), b small segmental PE in
RUL (red arrow), and ¢ and d
multiple wedge-shaped splenic
infarcts in axial and coronal
images (red arrow)

@ Springer

patients with radiographically confirmed PE had concomi-
tant increased pulmonary findings of GGO and consolida-
tion, with a worse CT chest severity score and greater extent
of lung lobar involvement. Furthermore, most pulmonary
emboli (80%) were found in parenchyma with opacities
relating to COVID-19 pneumonia [24]. A majority of PEs
occurred in proximal vessels (e.g., lobar or segmental) rela-
tive to distal ones (e.g., subsegmental) [17, 21, 25]. Concom-
itant involvement of other large systemic arteries occurred in
a minority of patients [22]. We present several cases of PE
associated with aortic thrombus and splenic infarcts (Fig. 3),
mycotic pseudoaneurysms of pulmonary artery (Fig. 5), rup-
tured left renal artery aneurysm (Fig. 6), and central venous
line-related DVT of lower extremity veins and psoas hema-
toma (Fig. 10), as discussed below.

Mycotic pseudoaneurysm

Mycotic (infected) aneurysms, i.e., aneurysmal degeneration
of the arterial wall secondary to bacteremia or septic embo-
lization, are classified as true aneurysms (involving intima,
media, and adventitia) or pseudoaneurysms (blind saccular
outpouching contiguous with the arterial lumen). Mycotic
pseudoaneurysms secondary to COVID-19 infection are
exceedingly rare but have been associated with high morbid-
ity and mortality [26, 27]. Imaging findings include multi-
lobulated or saccular aneurysm with or without intraluminal
thrombus, intramural air or perivascular presence of fluid,
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Fig.4 A 76-year-old male was
hospitalized due to COVID-
19 pneumonia. a CT abdo-
men pelvis 1 year ago showed
multifocal calcified and small
noncalcified atherosclerotic
plaques (red arrow). b CTA

1 year later, during admission
for COVID-19, demonstrated
significant interval increased
soft atherosclerotic plaque/
intramural thrombus of the
abdominal aorta causing mild
stenosis (red arrow)

Fig.5 A 52-year-old male was
hospitalized with COVID-

19. CTA chest shows a large
multilobulated pseudoaneurysm
of left lobar pulmonary artery
in the upper lobe (red arrow)
with associated hemorrhage
suggestive of rupture (yellow
arrow). Segmental PE in the
right upper lobe pulmonary
artery (green arrow) and wedge-
shaped pulmonary infarct in
right lower lobe (blue arrow).

b Small saccular descending
thoracic aorta pseudoaneurysm
(red arrows). ¢ Status post stent
and Amplatzer plug placement
in pseudoaneurysm of left lobar
pulmonary artery. d A separate
patient, 35-year-old male,

was admitted with COVID-19
pneumonia that got complicated
by necrotizing pneumonia in
left lower lobe, with associated
small pseudoaneurysm arising
from segmental left lower lobe
pulmonary artery

soft tissue stranding, and/or air (Fig. 5). These pseudoaneu-
rysms may be complicated by rupture and hemorrhage if
not diagnosed and treated promptly. We present a case of
bilateral central PE complicated by pseudoaneurysm for-
mation and hemorrhage in the left lobar pulmonary artery.
This patient was managed with pulmonary artery stents and
Amplatzer plug placement which ultimately achieved stasis
and subsequent thrombosis of pseudoaneurysm. In another

case (Fig. 5d), a young male who was admitted with COVD-
19 pneumonia complicated by necrotizing pneumonia with
associated small lung parenchymal pseudoaneurysm likely
arising from the subsegmental branch of left lower lobe pul-
monary artery. This patient was managed with left lower
lobectomy.
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Fig.6 A 59-year-old female
with COVID-19 pneumonia
and numerous complica-

tions presented with a drop of
hemoglobin from 14 to 7 g/dl.
CTA scan shows a large left
perinephric hematoma due to
ruptured 9 mm aneurysm of left
renal arcuate artery with active
extravasation in the upper pole
of the left kidney (red arrow), b
large left perinephric retrop-
eritoneal hematoma (3D VRT)
(red arrows), ¢ active extravasa-
tion confirmed on selective left
renal angiogram and managed
with coil placement (red arrow),
and d non-occlusive pulmo-
nary embolism in left lower
lobar pulmonary artery (yellow
arrow) and ruptured aneurysm
of left renal arcuate artery (red
arrow)

Aortic thrombosis

Aortic thrombosis is a rare complication of COVID-19
infection and can present asymptomatically or with a con-
sequence of ischemic events. A number of case reports and
series have discussed free-floating aortic thrombi in the set-
ting of COVID-19 infection without associated atheroscle-
rosis. In one case, CTA demonstrated an aortic thrombus at
the aortic arch without definitive aortic atherosclerosis and
associated with splenic infarcts and pulmonary embolism
(Fig. 3). In another case, a COVID-19 patient presented with
significantly enlarged size of known atherosclerotic plaques
in the infrarenal abdominal aorta as compared to prior CT
scan 1 year ago suggestive of accelerated process of inti-
mal injury and atherosclerotic soft plaque deposition caus-
ing mild aortic stenosis (Fig. 4). These patients are usually
managed with anticoagulation therapy as a standard of care
unless vascular intervention such as thromboembolectomy
is required for larger occlusive thrombus in order to pre-
vent emboli shower [1, 28, 29]. Although rare, these aor-
tic thromboses have also been associated with occlusion of
distal end arteries affecting organs such as the kidney and
spleen [29-31] (Fig. 3).
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CTA abdomen and pelvis

The most common indication for acquisition of CTA was
abdominal pain, followed distantly by complaint of vom-
iting and fever. Over half of patients who underwent CT
have positive findings, most commonly nonspecific intes-
tinal distension, colorectal and small bowel mural thicken-
ing, gallbladder wall thickening, and ascites [32, 33]. By
comparison, vascular findings are relatively uncommon as
compared to non-vascular findings. COVID-19 patients pre-
sent with both thrombotic and hemorrhagic adverse events
with hemorrhagic events being more common [34]. Hema-
tomas involving the retroperitoneum, abdominal wall, glu-
teal regions, or upper thigh are the most commonly reported
hemorrhagic complication [34-36]. Thrombotic events dem-
onstrated on CTA include both occlusion of major arter-
ies and solid organ infarct including, but not limited to, the
intestinal tract, kidneys, pancreas, and liver. [32, 34, 37].

Mesenteric ischemia/infarction

Bowel ischemia/infarcts have been described as a rare
complication overall in COVID-19 patients but is a more
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common vascular consequence in the abdomen and pel-
vis [20]. CTA may demonstrate pneumatosis intestinalis,
pneumobilia, pneumatosis portalis, pneumoperitoneum,
and variable reactive peritoneal free fluid. Very rarely, vas-
cular occlusion or vasculitis of mesenteric arteries such as
branches of celiac axis or superior mesenteric artery (SMA)
may be detected. An abdominal-pelvic findings study by
Goldberg-Stein demonstrated 15% bowel wall thickening,
out of which 6.2% were found in the colon; although mural
wall thickening is a non-specific finding, it is suggestive
of enteritis or colitis inclusive of microvascular ischemic
changes. [32].

Solid organ infarction and bleeding

Hepatic, renal, and splenic ischemia have been described in
association with patients critically ill with COVID-19 [20].
A CT abdomen-pelvis study conducted by Goldberg-Stein
found 5% incidence each of splenic and renal infracts out of
141 patients [32]. CTA demonstrates hypoenhancement and
wedge-shaped cortical hypodensity of variable sizes (Fig. 3).
Infarcts may be large and diffuse, involving the entire organ,
or multifocal within a single organ. These are typically acute
infarcts and hence might present with organ swelling with
hypoenhancement in the early phase of microinfarction and
then later might progress to loss of organ volume in the
subacute to chronic infarction phase.

Intrapenchymal bleeding within solid organs is less com-
mon than infarct and is a rare presentation. We present a
case of active bleeding from a ruptured aneurysm of arcuate
branch of left renal artery causing large hematoma at upper
pole of left kidney extending into retroperitoneum (Fig. 6).

Fig.7 A 57-year-old male

with no past medical history is
hospitalized with COVID-19
pneumonia and ARDS. CTA
scan shows active arterial
bleeding along the anterior and
right walls of the rectum from
inferior rectal artery (red arrows
in a, b, and c), intraluminal sig-
moid hematoma (yellow arrows
in b and ¢), and small intramus-
cular hematoma in right gluteus
maximus (blue arrows in b)

There was a concurrent non-occlusive pulmonary embolism
in left lower lobar pulmonary artery. Active bleeding was
managed with coil placement during superselective left renal
artery angiogram.

Gastrointestinal bleeding

Gastrointestinal hemorrhage has commonly been described
in association with acute COVID-19 infection. We present
one such case of active arterial bleeding involving rectum
and associated large sigmoid colonic hematoma; the arterial
bleeder was arising from inferior rectal branch of internal
iliac artery (Fig. 7). While data is limited on which risk fac-
tors, patient characteristics, and clinical courses are associ-
ated with increased risk of gastrointestinal hemorrhage in
COVID-19 patients, some information has been reported. In
a meta-analysis of 663 COVID-19 patients, of which 34%
presented with gastrointestinal bleeding, Chen et al. found
that history of gastrointestinal bleeding was moderately to
highly correlated with history of oral anticoagulation [38].
COVID-19 patients who presented with gastrointestinal
bleeding had higher mortality rates and had higher risk
of gastrointestinal ulcers versus esophagitis on upper GI
endoscopy [38]. Goyal et al. further demonstrated that most
COVID-19 patients with gastrointestinal bleeding were con-
servatively managed with therapeutic endoscopy required
in only 12.2% of cases and blood transfusion required in
approximately 50% of patients [39]. Notwithstanding,
some acute gastrointestinal bleeding in unstable patients do
require vascular intervention.
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Intramuscular and retroperitoneal hematoma

COVID-19-associated small-vessel hemorrhage resulting
in musculoskeletal system involvement, notably intra- and
peri-muscular hematoma, has been well-described. The
most common hematoma site is the iliopsoas involving
the retroperitoneum, followed by rectus sheath involving
the anterior abdominal wall, pelvic hematoma, hemop-
eritoneum, and subcapsular organ hematomas [32, 34-36,
40-42] (Figs. 7-10). Imaging findings include variable size
hyperdense mass like hematoma often with blood-fluid
hematocrit level depending on the timing of bleed, causing
displacement and compression of surrounding structures.
If the hematoma is huge, there is also risk of compartment
syndrome, more commonly in tighter spaces like extremi-
ties and less likely within the abdominal cavity. A suba-
cute hematoma might appear hypodense due to evolution of
blood products accumulated over a period of time.

CTA extremity
Deep venous thrombosis

Deep vein thrombosis is a prevalent finding in patients
with severe COVID-19, with ultrasonography as a primary
method of diagnosis. Though true incidence is unknown,
Pieralli et al. detected DVT in 13.7% of COVID-19 pneu-
monia patients screened on ultrasound surveillance protocol;
most of these patients were asymptomatic at time of screen-
ing. An ultrasound study conducted by Gawande et al. found
that out of a total 196 US studies, extremity venous doppler
US was the most commonly requested study (51%), and the
most common finding was deep vein thrombosis in 18.1%
of studies. [43].

Though bedside ultrasonography (or Doppler) remains a
mainstay of initial diagnosis of DVT in the extremities, and
has been shown to be diagnostically equivalent to CT venog-
raphy (CTV), CTV can be performed in patients for whom
there is a high clinical suspicion for DVT with simultaneous
PE in concert with CTPA without requiring additional con-
trast material [44]. This provides both direct visualization
of thrombi and increased sensitivity in detecting occlusion
of thoracic and proximal abdominopelvic veins typically
undetectable by US. Chen et al. found significantly lower
incidence of DVT on US (4.3%) compared to CTV (82.6%)
in patients with mild or moderate COVID-19 pneumonia
[45]. The increased sensitivity of CTV compared to doppler
US provides validation for the implementation of CTV as an
effective and sensible diagnostic modality.

On CTV, typical features of DVT include contrast fill-
ing defect with hypodense thrombus, venous distension,
rim enhancement of the vein, and perivenous edema or fat
stranding (Figs. 8 and 10). Often times DVT in extremities
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is accompanied by intramuscular hematomas. This combina-
tion of thrombosis and hemorrhage is challenging to manage
and hematology experts are consulted for titration of antico-
agulants and blood transfusion as indicated.

Peripheral arterial thrombosis

Acute thrombosis of peripheral arteries is a rare but criti-
cal finding in hospitalized COVID-19 patients. The odds
are higher due to hypercoagulable state, relative immobil-
ity, and increased vascular access requirement in hospi-
talized COVID-19 patients. Ogawa et al. first illustrated
large vessel peripheral extremity occlusion in association
with findings of COVID-19 pneumonia in a case series of
9 patients, even in absence of preexisting hypercoagulable
state or calcific atherosclerotic disease [46]. The authors
found that there was no correlation between the length of
arterial occlusion and the severity of COVID-19 pneumo-
nia. A longer length of about 10 cm arterial occlusion was
seen in patients with lower extremity involvement. They also
found that a pre-existing calcified atherosclerotic plaque
within the vessel wall was not necessarily contributing to
increased risk of thrombotic arterial occlusion. Both Ogawa
et al. and Goldman et al. showed that due to great thrombus
burden in extremity arteries there is increased likelihood of
open thrombectomy, amputation, or death in patients with
COVID-19. [47] We present a case of acute non-occlusive
arterial thrombus in the proximal right common femoral
artery with associated similar characteristic thrombus in the
abdominal aorta. This patient underwent right iliofemoral
thromboendarterectomy with bovine pericardial patch angio-
plasty during initial admission which was complicated by a
large postoperative pseudoaneurysm (Fig. 9). This patient
also had an acute thrombus formed in the abdominal aorta,
which might have been the source of embolism to the right
lower extremity.

Vascular access-related complications

Due to immediate viral- and cytokine-mediated vascular
changes, COVID-19 patients are at particularly high risk
of complications from otherwise low-risk interventions.
Though uncommon, vascular access—related complications
represent an underrecognized source of morbidity in these
vulnerable patients.

Catheter-related thrombosis

In a large-scale retrospective study of vascular access in
COVID-19 patients, Gidaro et al. found catheter-related
thrombosis (CRT) occurred in 42 (1.9%) of cases [48]. In
other studies, most identified cases occurred in peripheral
veins and in the context of hemodialysis [49-54]; rare cases
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Fig.8 A 49-year-old male was
admitted for COVID-19 pneu-
monia developed right lower
extremity swelling. CTA bilat-
eral lower extremity showed a
nearly occlusive DVT involv-
ing the left common femoral
vein (blue arrow), b right thigh
hematoma involving quadriceps
femoris with active extravasa-
tion (red arrow), ¢ right thigh
hematoma with hematocrit level
(red arrow) and bilateral femo-
ral vein DVT (blue arrows), and
d large right thigh hematoma
(red arrow) and right external
iliac vein DVT (blue arrow)

of CRT secondary to central venous catheter thrombosis
have also been described [55, 56]. Though vascular access
devices are especially prone to thrombosis, patients with a
requirement for long-term vascular access may benefit from
a low-dose heparinized saline protocol. [57].

We illustrate a case of venous line-related thrombus in the
right common femoral vein and infrarenal IVC; note inho-
mogeneous thrombus adhering to the central venous line
partially occluding the veins involved (Fig. 10). This same
patient had concurrent left psoas hematoma and segmental
PE. The patient was initiated on anticoagulation but unfor-
tunately passed away a week after the scan.

Pseudoaneurysm related to intervention

Tatrogenic pseudoaneurysm is an exceedingly rare com-
plication; Al-Thani et al. presented one case of subclavian
artery pseudoaneurysm induced by central venous catheter
insertion [58]. The vessel wall weakness due to underlying
endotheliitis secondary to both the COVID-19 virus itself
in addition to vascular intervention/procedures might be the
causative factor. We present a rare case of a large pseudoa-
neurysm of the right common femoral artery secondary to

thrombectomy (Fig. 9). A careful scrutiny of vasculature
should be performed on CTA to look for vessel wall irregu-
larities and small outpouchings as these can lead to cata-
strophic bleeding events.

Imaging summary
Thromboembolism

In most studies, venous and arterial thromboembolic events
were more frequently described than hemorrhagic events.
Furthermore, thromboembolic events are described to
occur with greater frequency in ICU patients. Pulmonary
embolism and lower extremity deep vein thrombosis were
the most frequently described thrombotic events, followed
distantly by consequence of bowel ischemia and solid organ
infarcts [3, 5, 15-24, 32, 33, 37, 41, 59]. Since thrombotic
events are more common, they frequently co-exist with hem-
orrhage, as seen in several of the examples in this article.
It is important to recognize deep vein venous thrombosis,
especially in the periphery, in a timely manner in order to
avoid a dreadful complication of a large central PE.
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Fig.9 A 66-year-old female initially presented to the emergency
department with complaints of new onset right foot pain. CTA scan
shows a CTA right lower extremity demonstrated acute, nearly occlu-
sive thrombus in the proximal right common femoral artery and
superficial femoral artery (red arrow). Patient underwent right ili-

Fig. 10 A 67-year-old male
COVID-19-positive patient
presented with abdominal pain
and was found to have pan-
creatitis (not shown here). CT
abdomen pelvis shows a central
vein line—associated DVT of
right common femoral vein (red
arrow), b large left psoas hema-
toma (red arrow), ¢ central vein
line—associated small thrombus
in distal IVC (red arrow), and d
small segmental PE in left lower
lobe pulmonary artery branch
(red arrow)
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ofemoral thromboendarterectomy with bovine pericardial patch angi-
oplasty which got complicated by b dehiscence of common femoral
artery patch and large pseudoaneurysm (red arrow) and ¢ concurrent
non-occlusive acute thrombus in abdominal aorta (red arrow)
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Hemorrhage

Clinically significant bleeding events occurred primarily in
ICU patients, with incidence between 7.6 and 8%, compared
to 1.9% in patients on floor units [3, 4, 25]. Of these events,
4.8% were classified as major bleeding (World Health
Organization grades 3 and 4), with at minimum gross blood
loss requiring transfusion [3]. In patients receiving prophy-
lactic or therapeutic anticoagulation, hemorrhage commonly
occurs and may affect multiple organ systems in the body,
with gastrointestinal bleeding being the leading cause of
hemorrhagic events, followed by spontaneous intramuscular
hematomas. Other hemorrhagic events that have been infre-
quently described in association with COVID-19 infection
include epistaxis, oral/oropharyngeal bleeds, hemoptysis,
pulmonary hemorrhage, cerebral hemorrhage, and kidney
hematoma [2, 25]. Though an uncommon finding, active
arterial bleeding may indicate a life-threatening hemorrhage
and thus requires rapid identification on contrast-enhanced
CT.

Conclusion and recommendation

Vascular complications including both thromboembolism
in the setting of hypercoagulability and bleeding in the set-
ting of prophylactic anticoagulation are clinically significant
concerns for critically ill COVID-19 patients. Commonly
affected regions are the pulmonary artery, GI tract, kidney,
hepatobiliary organs, extremity vessels, and aorta. Thus, the
decision to initiate anticoagulation must be weighed against
concern for bleeding risk, and patients should be carefully
monitored for possible hemorrhage. It is important that all
radiologists and clinicians are aware of the vascular (throm-
boembolic and hemorrhagic) complications on CTA body
and extremity of COVID-19 patients in order to provide
timely diagnosis and guide appropriate management.

Image acquisition technique

Select CTA chest and CTA abdomen pelvis scans that we
present were acquired via SOMATOM Sensation 64-slice
helical CT scanner or SOMATOM Definition Flash 128-
slice helical CT scanner, Siemens Healthineers, Forchheim,
Germany. Identical CTA protocols were utilized for both
scanners.

A dual phase scan following intravenous power injection
of 100-120 mL Omnipaque 350 or Visipaque 320 IV non-
ionic contrast dye (based on patient weight) at the rate of
4-5 mL/s was performed for all CTA scans, acquiring arte-
rial phase between 25-30 s and portal venous phase between
50-70 s. Whenever possible, water (as a negative contrast)

was given orally to obtain luminal distention of the stom-
ach and small bowel. Reconstruction of 3 mm thick axial
slices and 0.75 mm thin axial slices was performed for both
arterial and venous phases, with B20f and B8Of reconstruc-
tion algorithms used for soft tissue and lungs, respectively.
Postprocessing was performed to obtain coronal and sagittal
reformats as well as vascular mapping using 3D MIP and
volume rendering.

Lower-extremity images, where indicated, were acquired
with extremity runoff, wherein a bolus-triggered arterial
phase was acquired as per above protocol, with bolus track-
ing performed off the abdominal aorta using a 230 HU trig-
ger setting. 3D postprocessing reconstruction B30f was per-
formed for soft tissue reformats.
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embolism; SARS-CoV-2: Severe acute respiratory syndrome corona-
virus-2; US: Ultrasound
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