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SARS‑COV‑2 ASSOCIATED ACUTE PULMONARY EMBOLISM IMAGISTIC FINDINGS (Ab‑
stract): SARS‑CoV‑2 pandemic started in December 2019 in China and has since raised major 
global concerns because of its multiple systemic complications seen especially in critically ill 
patients. One of the complications observed is systemic thromboembolic disease, including acute 
pulmonary embolism, presumably due to the severe inflammatory profile of the patients and due 
to endothelial disfunction. We present two cases that show through computed tomography pulmo‑
nary angiography the imagistic findings in SARS‑CoV‑2 related acute pulmonary embolism in 
patients that have been initially hospitalised only with symptoms related to SARS‑CoV‑2 pneumo‑
nia. Key words: COVID‑19, PULMONARY EMBOLISM, ENDOTHELIAL DISFUNCTION

INTROduCTION
Recent rising numbers in patients affected 

by COVID‑19 have raised the question whether 
respiratory failure typically found in COVID‑19 
pneumonia can be caused not only by acute 
respiratory distress syndrome (ARDS) alone, but 
also by the prothrombotic state created through 
the pathophysiological mechanism of the disease 
(1). The aim of this clinical case presentation 
is to highlight a few of the imaging diagnostic 
aspects in acute pulmonary thromboembolism 
associated with SARS‑CoV‑2 infection with the 
help of computed tomography pulmonary angi‑
ography. 

CASe PReSeNTATION
We first present the case of a 33‑year‑old 

male with class II obesity taken into observation 
for SARS‑CoV‑2 pneumonia (initial infection 
diagnosed through RT‑PCR), initially manifest‑
ing symptoms such as dyspnoea. Non‑contrast 
CT scan performed during hospital admission 

shows characteristic COVID‑19 features with 
predominantly subpleural glass ground opaci‑
ties (GGO) that tend to progress into consolida‑
tion (2). Five days from the initial CT scan the 
patient has a sudden respiratory deterioration, 
orotracheal intubation and mechanical ventila‑
tion being necessary. Non‑contrast CT scan was 
repeated, showing progression of the pneumon‑
ic infection with areas of consolidation associ‑
ated with GGO, predominantly with a periph‑
eric, subpleural disposition (fig.1), occupying 
approximately 70% of the total lung volume, 
classifying it as moderate SARS‑CoV‑2 pneu‑
monia (2).

CTPA was performed and it highlighted 
moderate to severe acute pulmonary embolism 
with 40%, 30% respectively, arterial occlusions 
in the main right and left pulmonary arteries, 
with a „saddle” pulmonary thrombus appear‑
ance (fig. 2). More severe occlusion is present 
at the bronchus intermedius (80%) and throm‑
bus presence is further seen in all the lobar 
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arteries with occlusion percentage ranging from 
10 to 100% (fig. 3). Bilateral small pleural ef‑
fusions are observed. Patients’ blood work shows 
associated diabetes, signs of acute myocarditis 
(elevated CK (creatine kinase) and CK‑MB), 
procoagulant state with activated partial throm‑
boplastin time with higher value than normal, de‑
creased INR value, platelets with borderline low 
value, anaemia and proof of inflammatory state.

The second case is of a 47‑year‑old male 
with RT‑PCR diagnosed COVID‑19 infection, 
transferred to our hospital for imagistic evalu‑
ation and corresponding treatment. Initial sub‑
mission non‑contrast CT scan shows extensive 
„crazy‑paving” (GGO with superimposed inter‑ 
and intralobular septal thickening) (2) appearance 
in all lobes, predominantly in the peripheric 
areas, with associated GGO (fig. 4).  Clinical 
and paraclinical data was still under evaluation 
at the time of the scan.

CTPA in this patient shows minimum/mod‑
erate pulmonary embolism with thrombus pres‑
ence, resulting in various degrees of arterial 
occlusion visible in the segmental arteries (pos‑
terior and lateral) of the right lower lobe (fig. 
5), superior and posterior segmental arteries of 
the right upper lobe (fig. 6), segmental supe‑
rior lingular artery and antero‑medial left low‑
er lobe artery.

dISCuSSION
Pulmonary embolism pathophysiological 
mechanism in COVID‑19 patients
Although the full mechanism of the SARS‑

CoV‑2 has not yet still been fully understood, 
initial studies show that ACE2 (Angiotensin 
Converting Enzyme 2) is at least one of its 
functional receptors to which it binds. Besides 
the lung epithelium, kidney, heart, etc., en‑
dothelial cells also express ACE2 receptors and 

Fig. 1. Non‑contrast CT (lung window): 
SARS‑CoV‑2 appearance with GGO (black arrow) 

and consolidation (black asterisk)

Fig. 2. CTPA: “Saddle” pulmonary 
thrombus appearance (black arrow)

Fig. 3. CTPA: Pulmonary thromboses 
in the segmental arteries of the lower lobes 

(purple arrows)

Fig. 4. Non‑contrast CT: “crazy‑paving” 
appearance in COVID‑19
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usually represent approximately one third of the 
total lung cells (3). Endothelial cells are known 
to keep the homeostasis of blood fluidity by 
acting as a barrier, separating blood clotting 
factors from the subendothelial extracellular 
matrix which is highly prothrombotic. It also 
secretes or expresses vasoactive factors that 
contribute to thrombus formation (4). Bondage 
to the ACE2 receptors determines endothelial 
injury with subsequent microvascular permea‑
bility, which promote a prothrombotic state and 
facilitate further viral invasion (3).

Another possible mechanism highlighted in 
severe patients with ARDS and sepsis is the 
close link between severe inflammation described 
as a “cytokine storm” and thrombosis, as these 
patients are much more likely to develop dis‑
seminated intravascular coagulation (DIC) and 
consumption coagulopathy (5). 

SARS‑CoV2 related pulmonary 
embolism: CTPA recommendation
CTPA should be considered for patients with 

suspected SARS‑CoV‑2 with elevated D‑dimers 
(>1000 µg/L) levels and/or those that associate 
high clinical positive probability demonstrated 
through symptoms such as haemoptysis, tachy‑
cardia for which no other cause can be found, 
deep venous thrombosis symptoms, cyanosis, 
etc. (1).  

Normal arterial pulmonary circulation 
anatomy and variants 
The arterial pulmonary circulation is a high 

capacitance system with a large surface for gas 
exchange, comprised of a relatively high num‑
ber of anatomical variants, more frequently 
encountered in the upper lobes. There are 14 

variations in the right upper lobe and approxi‑
mately 29 in the left upper lobe. Knowledge of 
the different vascular pulmonary patterns is 
important in diagnosing life‑threatening condi‑
tions such as acute pulmonary thromboembo‑
lism (6). 

After exiting the right ventricle, the main 
pulmonary artery courses posteriorly and to the 
left of the aorta and bifurcates afterwards into 
the left and right pulmonary arteries under the 
aortic arch. Each of the left and right pulmo‑
nary arteries, after entering the lung through 
the hilum, then divides into two lobar branch‑
es and subsequently into segmental and subseg‑
mental ones, which parallel segmental (the right 
lung is divided into 10 segments and the left one 
into 8) and subsegmental bronchi. The pulmo‑
nary artery, veins and the main stem bronchus 
have a constant positional relationship at the 
hilum: the right pulmonary artery lies anteri‑
orly and slightly inferior to the right main stem 
bronchus, the left pulmonary artery is situated 
superiorly and posterior to the left main stem 
bronchus (7).

Anatomical variations of the right upper 
lobe segmental arteries
Anatomical variants are far less common in 

the right upper lobe comparing to the left one. 
In most cases there is a single, high, anterior 
trunk for the apical and anterior segments and 
one ascending branch for the posterior seg‑
ments. According to their frequency, other com‑
mon variants include: trifurcation of the ante‑
rior trunk (to supply the apical, anterior and 
posterior segments), two separate branches for 
the posterior segments, segmental supply from 
the middle lobe (8).

Fig. 5. CTPA: Pulmonary thromboses in the 
segmental posterior and lateral arteries of the 

right lower lobe (purple arrows)

Fig. 6. CTPA: Thrombus in the segmental 
superior artery of the right upper lobe 

(red arrow)
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Anatomical variations of the right middle 
lobe segmental arteries
Normally, the lobe is supplied by arteries 

originating from the right interlobar artery, 
with variants regarding separate or common 
origin of the arteries for the middle and lateral 
segments of the right middle lobe (8).

Anatomical variations of the right lower 
lobe segmental arteries
The most common case is of one artery for 

the superior segments of the lower lobe, after 
which the basal trunk divides into two branches 
which subsequently divide to supply the four basal 
segments (medial, posterior, lateral and anterior). 

Anatomical variations of the left upper lobe 
segmental arteries
Classically, there is an apico‑anterior trunk 

for the corresponding apico‑posterior and an‑
terior segments and a separate artery for the 
lingula which gives off branches for the supe‑
rior and inferior segments. Variants include 
separate origins for these segments (8). 

Anatomical variations of the left lower lobe 
segmental arteries
Most commonly, there is a single superior 

segmental artery, after which the basal part 
divides into two terminal divisions with further 
subdivisions for the antero‑medial, lateral and 
posterior segments (9).

CTPA findings in acute pulmonary 
embolism
Computed tomographic angiography is the 

gold standard in diagnostics of pulmonary em‑

bolism (PE) with high specificity and sensibility, 
especially when combined with clinical prob‑
ability, reaching around 96% positive probabil‑
ity according to PIOPED II trial (10). The main 
characteristic of PE is total or partial occlusion 
of a pulmonary artery or its subdivision (seg‑
mental and subsegmental), described as an in‑
traluminal filling defect with sharp interface 
with the i.v. contrast.

The diagnostic criteria for PE include: 
complete opacification defect, associated with 
arterial enlargement, partial filling defect, cen‑
trally located (surrounded by contrast mate‑
rial) ‑ “railway track” sign on coronal images 
or eccentric localisation that determines an 
acute angle with the vessel wall, though obtuse 
angles cannot be excluded (11).  

Other associated findings are: pulmonary 
infarct, described as hyperattenuating wedge‑
shaped or linear band areas with peripheric 
distribution, right‑sided acute heart failure (right 
ventricle cavity wider than the left ventricle, 
RV/LV>1), deviation of the interventricular 
septum to the left and contrast material reflux 
into the hepatic vein (inconsistent) (12).

CONCLuSION 
Thrombotic disease asociated with SARS‑

COV‑2 pneumonia puts further strain on the 
heatlth of critically ill patients. Knowledge of 
multiple anatomical variations of the pulmonary 
arteries and their branches is crucial in making 
the right clinical and radiological diagnosis of 
acute pulmonary thrombosis of these patients,  
in order to reduce the mortality and morbity of 
this ongoing pandemic. 
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