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ABSTRACT

The aim: to accomplish CT measurements and evaluate the impact of unchangeable risk factors and comorbidities on
size and location of infrarenal AAA.
Methods. This is a retrospective evaluative study, in which we have evaluated CTA images of AAA of 46 patients. The
measurements of the AAA have been conducted using the Syngovia program.
Results. There were 46 patients who participated in this study (7 female and 39 male). The average age of the men patients was 72,32 and 71,57 for women. The average length and width of AAA in a male group were 8,76 cm x 5,52 cm,
respectively 7,48 cm x 4,79 cm in a female group. The most common comorbidities of the patients are hypertension,
atherosclerosis, angina pectoris and stenosis of coronary arteries. The width of the aneurysm in hypertensive patients is
estimated to be greater than 0.67 cm. Linear regression analysis showed that if the length increases by 1 cm, the width
grows by 0,28 cm, accordingly, if width increases by 1 cm, the length grows by 1,36 cm. It was found, that the number of
comorbidities, male gender and width of aneurysm affects the distance from AAA to aortic bifurcation. Also, there is a
statistically significant correlation between the length and the distance from AAA to lower renal artery.
Conclusions. 1. Female gender affects the size of AAA: smaller length and width of aneurysms were observed. Male
gender leads to the formation of larger thrombi. 2. The length of AAA was the most statistically significant variable since
the P-value was always <0,05. Therefore, it is considered a good tool to use in evaluation of AAA size and location characteristics. 3. The linear regression analysis showed that hypertension has a statistically significant effect on the width
of AAA by increasing its size.
Keywords: Abdominal aortic aneurysm, CTA, hypertension, infrarenal AAA.

INTRODUCTION
The most common disease of aorta is an aneurysm, which is formed due to the thinning of the
vessel wall and altered blood circulation. There
are three types of aortic aneurysms: abdominal,
thoracic, thoracoabdominal. Abdominal aortic aneurysm (AAA) is an enlarged area of the
abdominal aorta that is 50 percent greater than
the normal aortic diameter – 2 cm [1]. The most
common type of AAA is the infrarenal AAA [2].
This disease mainly affects males who are older than 65 years of age. According to statistics,
three times more often than women [3, 4]. The
main risk factors for AAA are age, gender and
smoking. Additional risk factors associated with
abdominal aneurysms include: hypertension,
hypercholesterolemia, atherosclerosis, cerebrovascular disease, coronary artery disease, great6

er height, history of other vascular aneurysms,
hereditary connective tissue diseases [5]. However, according to Hong Lu and co-authors, the
relative contribution of each mechanism is unclear [6]. Majority of AAAs are asymptomatic
until rupture occurs. Rupture of the AAA and
associated consequences cause mortality in excess of 80% [3]. Therefore, the main goal is to
identify an aneurysm in time and avoid rupture
which would result in a fatal outcome. Diagnostic methods include physical examination, ultrasonography, MRI and CT angiography (CTA)
[1, 7]. Aneurysms larger than 5,5 cm require
treatment. Even though there is no special pharmacological treatment, AAAs can be fixed using
interventional methods such as endovascular
aneurysm repair (EVAR) or an open aneurysm
repair (OR) [8].
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AIM: to accomplish CT measurements and evaluate the impact of unchangeable risk factors and
comorbidities on size and location of infrarenal
AAA.

undergoing CTA examination between the 11th
of January 2017 and 29th of November 2017. To
compare and analyse collected data, Microsoft
Excel program has been further used.

OBJECTIVES

RESULTS

1. To estimate unchangeable risk factors (gender,
age) impact to the size and location of infrarenal
AAA.
2. To analyze the significance of patient’s comorbidities in the size and location of infrarenal
AAA.
3. To determine how single comorbidity affects
size and location of infrarenal AAA.

In study participated 46 patients (7 females and
39 males). The age of patients ranged from 53 –
89 years with an average age of 72,32 for male patients and 71,57 for female patients (Fig. 1). The
mean length of AAA is 8,76 cm in male group
and 7,48 cm in female. While the average width
of AAA is around 5,52 cm in men and 4,79 cm
in women (Tab. 1, Fig. 2). The average thrombus size in the female patients group is 1.87 cm
and 2,20 cm in the male patients group (Fig. 3).
This means that being of male gender has an influence on the formation of a larger thrombus.
The distance of AAA to the aortic bifurcation is
almost the same in both groups (female – 0,54
cm, male – 0,51 cm). In comparison, the average distance of AAA to the lower renal artery is
much larger (female – 4,35cm, male – 3,64 cm).
The most common comorbidities of the patients
are hypertension, atherosclerosis, angina pectoris and stenosis of coronary arteries. On average
both gender groups had 1,17 other comorbidities
despite the diagnosis of AAA. Comparing female
and male groups, females had more additional
diseases for count of 1,29 per person and males
– 1,15.

METHODS
The retrospective evaluative study has been done.
Data of 46 patients was collected. Examinations
have been undertaken using high-resolution
spiral computed tomography with intra-aortic
iodine-based contrast media using one of the
two CT scanners, Toshiba Aqilion ONE (Canon Medical Systems Europe) or LightSpeed VCT
(GE Healthcare). The Syngovia program has
been used to conduct measurements of the AAA.
The measurements were conducted at different
positions of the AAA to improve the quality and
accuracy of comparison between the patients.
Only patients who fitted the following criteria
were included: patients with non-operated infrarenal AAA with a minimum diameter of 3 cm

7
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Fig. 2. Length of AAA measurements. On the left, length of AAA measured in the
sagittal section (D1). On the right, length of AAA measured in the frontal section (D7)
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Fig. 3. Width of AAA and thrombus measurements. Width of AAA measured in the axial
section (D3, D4). Thrombus measurements in
the axial section (D5, D6). Now the average of
D3+D4 is taken as well as the average of D5+D6.
To get the approximate size of thrombus the average of D5+D6 was subtracted from D3+D4

1. The following data was derived using linear
regression analysis:
1. Male patients on average have a 0,36 cm larger width of AAA than female patients. It was
found that if the length increases by 1 cm, the
width grows by 0,28 cm too (Fig.4). This means
that the correlation between width and length of
AAA is statistically significant (p<0,001).
2. Since it was found that the correlation between
the length and width of the aneurysm is statistically significant, this means that an increase of
1 cm in width leads to an increase of 1,36 cm in
length (Fig. 5).
3. The investigation showed that there is a statistically significant correlation between the length
and the distance from AAA to the lower renal
artery (Fig. 6).

9
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Fig. 6. On the left, measurement of the distance from the lower renal artery to the beginning of
AAA in the frontal section (D8). On the right, measurement of distance from the AAA to the aortic
bifurcation in the sagittal section (D9)

4. During the study it was found, that with an increasing number of comorbidities, male gender
and increasing width of aneurysm, the distance
from AAA to aortic bifurcation also increases.
5. It is known that there is statistical significance
between length, width and hypertension. The
width of the aneurysm in hypertensive patients
is estimated to be greater than 0.67 cm.
6. We have also found, that hypertension and
angina pectoris have a negative effect on AAA
length. This means that patients, who have those
10

diagnoses have shorter AAA comparing to patients without those diagnoses.
7. The study considered that angina pectoris and
hypertension aren't statistically significant to the
distance of AAA to the lower renal artery. Therefore, in our sample for the patients who were diagnosed with either hypertension or angina pectoris or an increased length of AAA showed on
average smaller values for the distance of AAA
to the lower renal artery than patients without
those diagnoses.
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8. Lastly, we determined, that just the length of
AAA has statistically significant relation with the
distance of AAA to the aortic bifurcation. Thus,
with a corresponding increase in the length of
AAA by 1 cm, the distance to bifurcation increases by 0.2 cm.
DISCUSSIONS
The study group consisted of 46 patients, who
had an infrarenal AAA and underwent CTA examination at the HLUHS CK Radiology Clinic
in 2017. The age of participants ranged from
53 to 89 years, with an average age of 72,32 in
male group and 71,57 in female group. To our
knowledge in the majority of studies the average
age was similar [1, 5, 9, 10]. The investigation
showed that the length of infrarenal AAA was
8,76 cm in men and 7,48 cm in women, while
width respectively was 5,52 cm in men and 4,79
cm in women. The study of Matthew J. Grima
and co-authors suggests that average diameter in
different countries varies from 5,7 cm to 6,8 cm
[11]. Several studies have found that smoking,
male gender, age, atherosclerosis, hypertension
and hyperlipidaemia are strong risk factors for
AAA development [5, 12, 13]. Similar results
were obtained during our study. Especially, hypertension had the greatest effect on the width of
the aneurysm, by our calculations, patients with
this comorbidity had an aneurysm wider by 0,67
cm. Also, we found out that hypertension and
angina pectoris have no effect on AAA length. In
comparison, other studies determined that risk
factors like atherosclerosis has no statistically
significant correlation with the size of AAA [14].
In terms of gender, males have a positive effect
on the formation of the larger thrombus, which
is larger by 0,33cm comparing to the females. In
the previous study, Hiroshi Yasuhara and co-authors reported that “female gender was the only
patient characteristic independently significantly
correlated with small thrombus'' (Hiroshi Yasuhara, Nobusuke Ohara, Hirokazu Nagawa, 2001)
[15]. According to our findings, CTA is one of
the greatest diagnostic methods to evaluate AAA
size and localisation, and the length is the most
statistically significant variable to evaluate these
parameters. Meanwhile, other authors say that

CTA is generally not needed to diagnose AAA,
but is a good tool to evaluate size and localisation
before surgical treatment [1, 16]. All in all, our
study cannot be applied on the whole population
because of the lack of participants, but the initial
results are similar to those of other studies and
literature data.
CONCLUSION
1. Female gender affects size of AAA: smaller
length and width of aneurysms were observed.
Male gender leads to the formation of larger
thrombi.
2. The length of AAA was the most statistically
significant variable since the P-value was always
<0,05. Therefore, it is a good tool to use in evaluation of AAA size and location characteristics.
3. The linear regression analysis showed that hypertension has a statistically significant effect on
the width of AAA by increasing its size.
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ABSTRACT

The most common causes of shock are traumatic events. Although signs of hypoperfusion complex are detected in only
5% of patients, who suffered blunt abdominal trauma, unfortunately, these findings are related to poor outcomes. Also
this problem is associated with loss of young patients because trauma is the leading cause of death for people aged 1-44
years. Therefore, it is a topical issue. Although the diagnosis of shock seems to be clear and based on specific criteria, it
could be difficult challenge in the early phase. Radiological imaging may be helpful in this instance. We present three
dissimilar cases and describe different specific signs of hypoperfusion complex that show shock indirectly. These criteria allow reflection of hypoperfusion and hypovolemia of particular organs and help shock to be detected early.
Keywords: shock, hypoperfusion complex, compensatory phase.

1. INTRODUCTION
Computed tomography (CT) hypoperfusion
complex (also called hypovolemic shock complex (HSC) is the group of contrast-enhanced
CT findings related to hypoperfusion. It consists
of vascular (slit-like IVC, halo sign, small-calibre
aorta) and visceral (shock bowel, heterogeneous
liver, pancreatic enhancement, peripancreatic
fluid, adrenal, kidney, splenic enhancement and
volume changes and enhancement, gallbladder
enhancement, shock thyroid) signs (1–3). This
complex was originaly described in post-traumatic pediatric patients by Taylor et al. in 1987
(4). Typically, it is reported for blunt trauma patients, but also can be seen during myocardial infarction, sepsis or even diabetic ketoacidosis (5).
The reason is homeostatic mechanisms maintaining adequate perfusion of critical organs –
the heart and brain – following vasoconstriction
and poor blood circulation elsewhere leading to
multiorgan failure (2). Therefore, even during severe bleeding or intravascular fluid loss of other
origin arterial pressure can be sustained in compensatory phase of shock (6). In this case imaging findings are the most important. Although
HSC signs are detected in only 5% of patients,
who suffered blunt abdominal trauma, unfortunately, it is related to poor outcomes (2). Be-

sides, it is associated with loss of young patients
because trauma is the leading cause of death for
people aged 1-44 years (5).
2. AIM
The intention of this article is to reveal the importance of radiological imaging evaluating patients in shock. Consequently we reviewed the
latest literature and represent case reports of
ealy-phase shock in the absence of profound hypotension.
3. CASES
We present three pathophysiologically divergent
cases investigated in The Radiology Department
of Republic Klaipeda Hospital from 2019 to 2020.
PATIENT NO. 1
A 84-year old man presented to The Emergency
Department with severe abdominal pain (pain
score 8 on a scale of 0 to 10) and nausea. On a
physical examination abdominal tenderness
in all-four quadrants, abdominal guarding and
signs of peritoneal irritation were observed.
Multidetector CT angiography of the abdomen
was performed due to suspected mesenteric artery thrombosis. Images showed dilated trans13
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Fig. 1 and 2: arterial phase. Dilation of transverse and descending colon (more than 70 mm) without normal haustral marking, mesenteric infiltration.

Fig. 3: arterial phase. Heterogeneous liver (from
60 to 90 HU). Ascite is observed too.

Fig. 4: portal venous phase. Dilated loops of
transverse colon (AP diameter 90 mm), slit-like
IVC (AP diameter 4 mm in three consecutive
segments), intense enhancement of the right
adrenal gland (170 HU), hypoenhancement
of the spleen (from 60 to 120 HV) and splenic
contraction (craniocaudal length 60 mm).

14

verse and descending colon lacking normal
haustral marking (Fig. 1 and 2). Besides, mesenteric infiltration and ascite were seen (Fig. 1, 2, 3)
. There were no contrast material enhancement
in the wall of the bowell. Filling defects of mesenteric arteries were not observed.
Additionally, signs of HSC were noted: flat IVC,
heterogeneous liver (Fig. 3, 4). Hypoenhancement of the spleen and splenic contraction. Increased enhancement was observed only in the
right adrenal gland (Fig. 4).
Nevertheless, emergency surgery was performed. Gangrenous bowel and none infected
peritonitis were found. Necrotic bowel segment
was resected. This patient survived.

RADIOLOGY UPDATE VOL. 5 (8) ISSN 2424-5755

PATIENT NO. 2
A 82-year old patient from The Department of
Nephrology with diagnosis of chronic kidney
disease was referred for emergency chest and abdominal CT scan due to acute respiratory failure
after hemodialysis.

CT scans showed hypodense subendocardial
area of the left ventricle which reflected acute
subendocardial myocardial infarction (Fig. 5). A
floating thrombus in abdominal aorta was found
together with bilateral hydrothorax and ascite
(Fig. 5 and 6).

Fig. 5: arterial phase. Subendocardial myocardial infarction of the left ventricle, bilateral hydrothorax.

Fig. 6: arterial phase. A floating thrombus in
abdominal aorta.

Due to the cardiogenic shock signs of HSC were
also observed: small bowel wall thickening, heterogeneous liver with periportal halo sign (Fig.
7, 8).Heterogeneous parenchymal enhancement
of the kidneys, with medullary hypoenhancing
area and increased adrenal enhancement bilaterally were noted too. (Fig. 7).

Fig. 7: portal venous phase. Heterogeneous liver (from 50 to 80 HU) with periportal halo sign
(less than 20 HU).

Unfortunately, the patient passed away two
weeks later.
PATIENT NO. 3
A 84-year old patient with bizarre behaviour was
admitted to The Emergency Department. Low
arterial blood pressure, irregular heartbeat, skin
and lips cyanosis were observed.
Emergency multidetector CT angiography of
the abdomen was performed. Signs of HSC were
detected: heterogeneous liver, increased adrenal enhancement bilaterally and heterogeneous
parenchymal enhancement of the kidneys with
medullary hypoenhancing area (Fig. 9 and 10).

Whereas a shock of unknown origin was suspected, the patient was transferred to ICU. Laboratory results revealed high levels of lactate (8,4
15
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Fig. 8: portal venous phase. Small bowel wall
thickening (AP diameter 6 mm).

mmol/L) and D-dimer (>20 µg/ml). The patient
deteriorated. She was intubated and artificial
ventilation started.
This patient remained in a state of shock, constantly deteriorating. Artificial ventilation was
not efficacious because of profound hypoxia.
Consequently bradycardia and asystole appeared. Regrettably, resuscitation was unsuccessful.
Massive pulmonary embolism was found during
post-mortem examination.
4. DISCUSSION
It is generally accepted that HSC signs are found
for hypovolemic patients and can be the feature
of shock. To understand the application and
benefits of contrast-enhanced CT in this case,
it’s necessary to comprehend mechanisms and
course of shock.
Shock is a state when oxygen delivery to tissues
is insufficient. By causes this condition is divided into four types: hypovolemic, distributive,
obstructive and cardiogenic shock, respectively
for hypovolemia (e.g, hemorrhage, burns); abnormal blood flow in the smallest blood vessels
16

(e.g., sepsis, anaphylaxis); obstruction of great
vessels or even the heart (e.g., pulmonary embolism) or serious heart diseases, when the heart
can not pump enough blood (e.g., congestive
heart failure). It is important to realize that not
all above-mentioned cases are related to hypovolemia, but all of them result in hypoperfusion
of organs, including vital ones. This is exactly
what is reflected in CT images (7).
Although there can be many reasons of hypoperfusion following shock, the most commonly
discussed cause is hypovolemia related to blunt
trauma (2). There are three key links in maintaining adequate perfusion following haemorrhage: the sympathetic nervous, neuroendocrine
and cardiovascular systems. Cardiac output and
perfusion are provided by epinephrine, norepinephrine, angiotensin II and antidiuretic hormone releasing. Selective vasoconstriction of
cutaneous and splanchnic vessels is ensured by
angiotensin II and sympathetic activation. Additionally, water and salt saving is noted too. All
of these result in adequate perfusion of the most
critical organs – the heart and brain ending in
peripheral hypoperfusion. However, it may be
interesting that not all of blood vessels respond
to mentioned hormones equally (2,8).
Arterioles have the richest adrenergic innervation thus playing an important role in arterial
blood pressure regulation. This circulation adjustment is an intricate process dependent on
both, central and peripheral, stimuli. Besides
that, it results in the inhibition of the heart rate
and activation of the thoracolumbar sympathetic outflow because of the pressure receptor
signals in the carotid sinus, baroreceptors and
atrial stretch receptors ascending to the nucleus of tractus solitarius in the medulla oblongata.
Signals stimulates hypothalamus and cause additional sympathetic stimulation by releasing of
pressure hormones. Thus, because of compensatory mechanisms shock could result in the absence of clinical symptoms (8).
Inversely, researches showed that venules do not
significantly change in diameter after the hemorrhage, although contraction of smaller ones was
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observed. This difference may be due to poorer
innervation between smaller and larger venules
and divergent innervation between arterioli and
venuli. Nonetheless, when hypovolemia begins
the decrease of venous capacity is seen. Because
of the ability to contain quarter of total blood volume in venous sinuses, venules and small veins,
it is thought to be the first episode of physiologic autotransfusion. Along with other regulatory
mechanisms it helps to maintain normal arterial
blood pressure (8).
Habitually in clinical practice hypovolemic shock definition is based on at least one of
these clear-cut criteria:
1. Clinical manisfestation of tissue hypoperfusion, e.g., cool mottled skin;
2. Systolic blood pressure < 90 mmHg or mean
arterial pressure < 65 mmHg;
3. Acid-base imbalance: a lactate level > 4.0
mmol/l or a pH < 7.1 or base deficit < -5 mEq/l (1).
In fact, mentioned clinical signs appear only
when compensatory schemes noted above are
not enough. Indeed, shock starts much earlier. To
clarify this, stages of shock should be discussed.
Hypovolemic shock is classified into three phases: compensatory, decompensatory and irreversible (6). In compensatory (or early) phase shock
arterial pressure is maintained because of sympathetic stimulation related to carotid sinus and
baroreceptors of the aortic arch sensitivity. It results in maintained cardiac output due to vasoconstriction, increased myocardial contractility
and heart rate (2). Consequently, monitoring of
vital signs, such as arterial blood pressure, is not
a solution in this case (6). In decompensatory
phase cardiac output decreases because of insufficient sympathetic response. As a result, blood
pressure drops which results in tissue acidosis.
Since then, the shock can be observed clinically
(2). When profound hypotension persists, tissue
acidosis increases (pH decreases to 6.8 or less).
For this reason dysfunction of vessels‘ smooth
muscles begins and responsiveness to adrenaline
and noradrenaline of the largest arterioles decreases. After that compensatory vasoconstriction no longer exists. Unfortunately, this phase is

related to fatal outcomes (8).
All of these explain why contrast-enhanced CT
is beneficial in compensatory phase particularly
– it is the only way to find out if the patient is
in shock although arterial blood pressure is normal. A question is which CT signs helps to identify shock even when a patient seems to be stable.
As it mentioned before, signs of CT hypoperfusion complex are classified to vascular and visceral where the former reflects true hypovolemia
and the latter shows hypoperfusion (3). It should
be noted that at least two signs must be observed
to identify HSC. However, total number of detected signs does not correlate with mortality
of these patiens (9). So what are these signs and
reasons for their occurence.
VASCULAR SIGNS OF HSC
Slit-like IVC – according to some authors, this is
regarded as the most common sign of HSC (5,9).
It is thought to result from decreased venous
blood return from the periphery and potencial
vasoconstriction in response to hypovolemia (2).
Slit-like IVC is considered to be when intrahepatic vena cava in 3 different regions is measured
less than 9 mm (6). Other authors tend to evaluate flatness index (FI) or transverse to AP diameter ratio (Tr:AP) instead of single dimension but
it is not a popular choice (3).
IVC halo sign – it is a circumferential band of extracellular low attenuation (< 20 HU) fluid surrounding flattened IVC (2,3,10). However, this
sign is nonspecific for nontraumatic patients,
also can be seen when liver disease or congestion, biliary cirrhosis, hepatitis or other disease
blocking lymphatic drainage at the porta hepatis
is observed (2).
Small-calibre aorta – it is a result of sympathetic
response to hypovolemia due to vasoconstriction of the aorta. In the diagnosis of small calibre
aorta, a diameter should be measured less than
13 mm at 2 cm above and below the origin of
renal arteries. However, this sign is not spe17
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cific because it could be observed in healthy
patients too (2).

the liver (1). On the contrary, a hypoattenuating
liver was marked as not reliable sign of HSC (9).

Although HSC is mostly associated with hypovolemic shock, as it mentioned before, shock
could be related to various causes. It is useful to
know that in some cases there may be no typical signs of HSC. For example, there could be no
vascular signs in patients with cardiogenic shock
due to poor venous return to the heart. Moreover, even widened rather than narrow IVC can
be observed in this instance (11).

Gall-bladder enhancement – it is defined as
gallbladder mucosal hyperenhancement measuring more at least 50 HU more than the psoas
muscle (9). No wall thickening is observed in
the case of hypoperfusion but pericholecystic
fluid can be (6,10).

VISCERAL SIGNS OF HSC
Shock bowel – it is considered as one of the
most common signs of HSC together with slitlike IVC (2). Shock bowell is a consequence of
reduced perfusion, which happens when oxygen delivery to the bowel is insufficient (1). It
alters bowell wall permeability, increases leakage of fluid, results in submucosal oedema and
increased enhancement of the wall, when a depleted vascular volume is replaced with contrast
agent (2). The following criteria are required to
determine shock bowell: small bowell thickening (submucosal oedema in distented with fluid
loops more than 3 mm) and mucosal enhancement greater than psoas muscle (1). Dilation of
small bowell’s lumen with fluid more than 2,5
cm can also be seen (3).
Abnormal liver enhancement (or „shock liver“)
– in this case liver could be characterized by various enhancements: increased, decreased or heterogeneous, which is the most typical (3). Generally liver enhances less than the spleen because
of poorer sympathetic activity at the portal vein.
However, hypoenhanced liver is rare finding because of autoregulation and dual blood supply
(9). Other related findings, such as intrahepatic
perivascular oedema or incresed enhancement
of intrahepatic vessels, may be observed (2).
Heterogeneous liver are described, when the difference between two regions of each the lowest
and the highest attenuation zones is more than
30 HU. Researchers show that this sign is more
important evaluating perfusion abnormalities of
18

Decreased splenic enhancement and splenic
contraction – usually spleen enhances more contrast than liver. Despite that, in the case of shock
hypoenhancement of the spleen can be noted. It
is a sign of hypoperfusion and happens when
decreased arterial blood flow to the spleen appears due to loss of blood volume, sympathetic
stimulation and vasoconstriction (1). Generally
accepted that abnormal splenic enhancement
is when density decreases more than 20 HU in
adults and more than 30 HU in children (2).
Not only enhancement changes are important
evaluating possible shock. Splenic volume is also
assessed. The spleen is an important reserve of
erythrocytes and thrombocytes. It is highly vascular organ and retains even 20-30% of the total
blood volume. For these reasons splenic contraction is a mechanism that helps to replenish blood
volume in the setting of large volume loss. When
hypovolemia appears, smooth muscles of vessels and the capsule of the spleen contracts. As
a result, red blood cells and platelets are expelled
into circulation. These blood components improve oxygen delivery to organs (erythrocytes)
and reduces risk of fatal bleeding (thrombocytes). This protective mechanism is called „auto-transfusion“. Respectively, decreased splenic volume is observed in CT scans. Contracted
spleen is definied as diminished 30% or more
compared to normal values. It occurs because
of sympathetic innervation of periarterial lymphatic sheat and the splenic capsule. It results in
spleen contraction. Decreased volume is expected even after volume resuscitation (1).
Shock pancreas and peripancreatic fluid – hyper- and hypoenhancement were described. It is
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observed when parenchymal enhancement is at
least 20 HU greater than spleen and liver or at
least 20 HU less than liver. Variable enhancement
appears because of vasoconstrictive sympathetic response. Peripancreatic oedema sometimes
is noted too. This is defined as circumferencial
zone around pancreas measuring less than 20
HU (1,2). Unfortunately, this sign is associated
with poor prognosis (5).
Prolonged cortical and decreased medullary renal enhancement – distinction between cortical
and medullary enhancement could be noted (3).
To begin with, prolonged cortical enhancement
is observed. It is associated with decreased flow
to the kidneys, which ends in activated renin-angiotensin system, increased angiotensin II concentration and renal efferent arteriole constriction (2). Also it could be related to impaired
excretion of contrast medium from the cortex to
the medulla due to possible acute renal tubular
dysfunction (12). Besides that, lower medullary
enhancement can be detected too (3).
Increased adrenal enhancement – diagnostically normal-shaped adrenal attenuation values
should be greater than the adjacent vessels such
as IVC bilaterally. Unilateral enhancement increase is not enough (1). However, intense adrenal enhancement is more common between
children than adults because of different cardiovascular reponse. Although this sign is quite

insensitive, it is related to poor prognosis in
adults (11).
Predominantly, HSC signs are noticed in abdominal structures, but sometimes it can be
seen in thoracic structures too, such as reduced
calibre and increased enhancement of thoracic
aorta, decreased cardiac chamber volume, caval
venous system calibre or thyroid changes due to
hypoperfusion, which is an object of interest in
emergency radiology these days (2).
Shock thyroid (also called “transient thyroid”) is
defined as a complex of thyroidal and perithyroidal edema. It is described as a zone of homogeneous fluid around the thyroid with attenuation
from -5 to 10 HU together with a heterogeneous enhancement of the thyroid (2). However,
the mechanism of transient thyroid is not clear.
There are hypotheses that relates this to insufficient vascular perfusion and oxygen delivery
to this highly vascular organ (13). It possibly
results in cellular death leading to exudation of
intracellular fluid or third-spacing of resuscitative fluid and induces transient thyrotoxicosis to
ensure cardiac output and adequate perfusion of
organs (2,13). Although shock thyroid is definitely the part of HSC, only isolated cases have
been described in the literature. This can happen
because thyroidal edema is transient condition
which is already resolved by the time CT scan is
completed (13).

Fig. 9 and 10: arterial phase. Heterogeneous liver (from 60 to 120 HV), increased adrenal enhancement (180 HU) and heterogeneous parenchymal enhancement of the kidneys with medullary hypoenhancing area (from 60 to 150 HU).
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5. CONCLUSION

REFERENCES

Although the diagnosis of shock seems to be
clear and based on specific criteria, it could be
difficult challenge in the early phase. Radiological imaging may be helpful in this instance. We
presented three dissimilar cases and proved that
there are different specific signs in contrast-enhanced CT images allowing reflection of hypoperfusion and hypovolemia of particular organs
and helping shock to be detected early.

1. Enslow MS, Preece SR, Wildman-Tobriner B, Enslow RA,
Mazurowski M, Nelson RC. Splenic contraction: a new member
of the hypovolemic shock complex. Abdom Radiol [Internet].
2018;43(9):2375–83. Available from: https://doi.org/10.1007/
s00261-018-1478-3
2. Wang J, Liang T, Louis L, Nicolaou S, McLaughlin PD. Hypovolemic shock complex in the trauma setting: A pictorial review.
Can Assoc Radiol J [Internet]. 2013;64(2):156–63. Available
from: http://dx.doi.org/10.1016/j.carj.2013.03.002
3. Elst J, Ghijselings IE, Zuidema WP, Berger FH. Signs of
post-traumatic hypovolemia on abdominal CT and their clinical
importance: A systematic review. Eur J Radiol. 2020;124(December 2019).
4. Taylor GA, Fallat ME, Eichelberger MR. Hypovolemic
shock in children: Abdominal CT manifestations. Radiology.
1987;164(2):479–81.
5. Alexander LF, Hanna TN, Legout JD, Roda MS, Cernigliaro
JG, Mittal PK, et al. Multidetector ct findings in the abdomen and
pelvis after damage control surgery for acute traumatic injuries.
Radiographics. 2019;39(4):1183–202.
6. Yuce I. CT Hypoperfusion Complex: Emergency CT Results
During One Year. Eurasian J Emerg Med. 2016;15(3):136–8.
7. Standl T, Annecke T, Cascorbi I, Heller AR, Sabashnikov
A, Teske W. Nomenklatur, Definition und Differenzierung der
Schockformen. Dtsch Arztebl Int. 2018;115(45):757–67.
8. Szopinski J, Kusza K, Semionow M. Microcirculatory responses to hypovolemic shock. J Trauma - Inj Infect Crit Care.
2011;71(6):1779–88.
9. Wildman-Tobriner B, Enslow MS, Nelson RC. Hepatic Heterogeneity and Attenuation on Contrast-Enhanced CT in Patients
With the Hypovolemic Shock Complex: Objective Classification Using a Contemporary Cohort. Curr Probl Diagn Radiol.
2019;48(3):224–8.
10. Prasad KR, Kumar A, Gamanagatti S, Chandrashekhara SH.
CT in post-traumatic hypoperfusion complex - A pictorial review. Emerg Radiol. 2011;18(2):139–43.
11. Hrabak-Paar M. Intense Adrenal Enhancement: A CT
Feature of Cardiogenic Shock. Cardiovasc Intervent Radiol.
2016;39(2):296–8.
12. Kanki A, Ito K, Tamada T, Higashi H, Sato T, Tanimoto D,
et al. Dynamic contrast-enhanced CT of the abdomen to predict clinical prognosis in patients with hypovolemic shock. Am J
Roentgenol. 2011;197(6):980–4.
13. Han DH, Ha EJ, Sun JS, Jung SL. Remarkable CT features of
shock thyroid in traumatic and non-traumatic patients. Emerg
Radiol [Internet]. 2017;24(3):319–24. Available from: http://dx.
doi.org/10.1007/s10140-016-1475-1

20

RADIOLOGY UPDATE VOL. 5 (8) ISSN 2424-5755

Neuroimaging in diffuse axonal injury: a literature review and clinical case presentation
Rūta Pačinskaitė1, Rymantė Gleiznienė2
Academy of Medicine, Faculty of Medicine, Lithuanian University of Health Sciences, Kaunas, Lithuania.
Department of Radiology of Lithuanian University of Health Sciences, Kaunas, Lithuania.

1
2

ABSTRACT

DAI is a frequent and detrimental type of traumatic brain injury that may lead to death and disability. DAI is classified
into 3 grades based on the anatomic distribution of the injury: grade I involves grey-white matter interfaces, grade II
involves fibers of the corpus callosum in addition to grade I locations, grade III involves brainstem in addition to grade
I and II locations. Due to the microscopic and delicate nature of axonal damage, DAI may pose difficulties in diagnosis
and coexisting brain injuries only complicate the diagnostic process. Thus, this article aims to evaluate the role of radiologic imaging in the diagnosis of DAI and its characteristic findings. Many researchers agree that CT scan is not a
sensitive technique for the detection of DAI, however, in the acute setting CT may identify life-threatening injuries that
may require surgical intervention. MRI is a rational second-line imaging tool following urgent CT, especially when urgent CT fails to reveal the possible cause of the patient’s symptoms and clinical signs. Yet, conventional MRI sensitivity
in detecting DAI is questionable. Advanced MRI sequences could contribute to more accurate diagnosis by depicting
microscopic hemorrhagic lesions (SWI), changes in diffusion properties of water (DTI, DWI) or changes in fiber tract
connectivity (DTT), alterations in the functional architecture of the brain (fMRI). Location and volume of DAI lesions
are important in predicting functional outcomes. In this article, we present a case of a 9-year-old boy who suffered a
brain injury due to a traffic accident.
Keywords: diffuse axonal injury, traumatic brain injury, neuroimaging, computed tomography, magnetic resonance imaging, advanced magnetic resonance imaging.

1. INTRODUCTION
Diffuse axonal injury (DAI) is a frequent and
detrimental type of traumatic brain injury
(TBI). DAI is common in patients with moderate and severe brain trauma [1] and is associated with an increasingly worse outcome after a
head injury [2]. Axonal injury in these cases is
brought by high-velocity translational or rotational forces (e.g. motor vehicle accident, fall)
that act upon the human brain and cause inertial acceleration-deceleration movement [3].
This motion results in stretching, twisting, and
shearing of axons, breaking of the axonal cytoskeleton and impairing axonal transportation
[4, 5]. Axons of the white matter are sensitive
to diffuse injury due to narrow diameter and
lengthy projections [5].
DAI often occurs simultaneously with other
brain injuries, which results in a greater extent
of brain damage, persistent vegetative state, or
even death [6]. Delicate alterations of the axons

in traumatic axonal injury pose difficulties in
the interpretation of scans and additional brain
injuries only complicate the diagnostic process.
This article aims to evaluate the role of radiologic
imaging in the diagnosis of diffuse axonal injury,
its characteristic findings, and present a case of a
patient with DAI.
2. MATERIALS AND METHODS
We performed a selective search of relevant studies regarding radiologic imaging of diffuse axonal injury. We chose databases from the subscription list of the Lithuanian University of Health
Sciences: SpringerLink, ScienceDirect, Medline
(PubMed), and UpToDate.
3. RESULTS
Conventional computed tomography (CT) examination remains the first-line imaging study
of choice in the acute setting of suspected TBI
due to its availability, fast execution, and abili21
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Figure 1. Hemorrhagic DAI lesions on CT scan:
multiple hyperdense punctate lesions at the
gray-white matter junction, right thalamus.

Figure 2. Non-hemorrhagic hypodense DAI lesions on CT scan.

ty to detect life-threatening injuries that may
require surgical intervention [7-10]. Classic CT
scan findings of hemorrhagic hyperdense punctate lesions at the gray-white matter junction of
the cerebral hemispheres, corpus callosum, or
brainstem (Figure 1) are present in only around
10% of DAI cases [11, 12]. Non-hemorrhagic
DAI lesions would appear as hypodense regions
on CT scans (Figure 2) [13].
Magnetic resonance imaging (MRI) is superior
to CT in identifying the nature and extent of both
hemorrhagic and non-hemorrhagic cerebral tissue injuries including DAI [7, 11-13]. Non-hemorrhagic DAI lesions on MRI present as punctate
areas with low signal intensity on T1-weighted
images and hyperintensity at T2-weighted images including T2-weighted fluid-attenuated inversion recovery (T2W/FLAIR) (Figure 3) [5, 14].
MRI T2*-weighted or gradient recovery echo
(GRE) images (Figure 4), are particularly sensitive to paramagnetic blood products of various
ages and can detect a higher number of microhemorrhages than other conventional MRI sequences [7, 11, 15].
In addition to that, MRI is useful in measuring long-term brain volume changes following

traumatic injury. Atrophy after DAI can occur
in numerous cortical and subcortical regions including the amygdala, hippocampus, thalamus,
precuneus, parietal and frontal cortex [16]. Notably, loss of white matter volume after traumatic
axonal injury might not arise [17].
However, both conventional imaging modalities
CT and MRI are not able to reliably detect DAI
changes [7, 15, 18-21].
Advanced MRI techniques diffusion tensor imaging (DTI) and diffusion-weighted imaging
[DWI/ADC (apparent diffusion coefficient map]
(Figure 5) can depict microstructural white matter damage in vivo by measuring diffusion properties of water [19]. Areas with increased radial
diffusivity (RD) and reduced fractional anisotropy (FA) values correspond with the diagnosis of
DAI [15, 22-24]. The importance of DTI particularly grows in the cases of mild TBI with negative
conventional CT and MRI scans [19].
Susceptibility weighted imaging (SWI), a 3D
modification of GRE, results in increased sensitivity for paramagnetic iron-containing products, and the ability to detect even smaller DAI
lesions [7, 25].
Functional MRI (fMRI) scans can identify DAI
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Figure 3. Axial MRI T2W/FLAIR sequence scan: hyperintensity areas in the subcortical white matter of frontal lobe, body, and splenium of the corpus callosum.

lesions as it produces alterations in the functional architecture of the brain. Regionally decreased
interhemispheric interactions along with extensively disrupted functional connectivity within the hemisphere are common in DAI patient
fMRI scans [15].
4. DISCUSSION
Traumatic brain injury extensively contributes to
death and disability all over the world. Based on
biomechanical and neuroradiological features
TBI may be divided into focal (fracture, contu-

sion, subdural or epidural hematoma) and diffuse injuries (diffuse axonal injury and diffuse
brain edema) [26].
In the early 1980s prof. Adams and colleagues introduced the term “diffuse axonal injury” [27]. In
clinical practice, DAI is a post-traumatic coma
of 6 hours and more following a head injury
without any obvious mass lesion [28]. Elevated
intracranial pressure is not common in DAI patients [29]. Adams et al. have offered a worldwide
known classification system for DAI based on the
anatomic distribution of the injury [12, 15, 30]:

Figure 4. Axial and sagittal MRI T2W/2fl/hemo sequence (alternative to GRE sequence, sensitive
to paramagnetic blood products of various ages) scan: multiple hypointense punctate lesions in the
white matter of cerebral hemispheres and extensive involvement of body and splenium of the corpus
callosum – hemorrhagic DAI.
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• Grade I (or mild) - involves grey-white matter
interfaces, particularly the parasagittal frontal
lobes.
• Grade II (or moderate) - in addition to grade I
locations, involves fibers of the corpus callosum,
particularly the splenium.
• Grade III (or severe) - in addition to grade I
and II locations, involves the brainstem.
A study published in 2017 proposed to extend
the Adams anatomical classification for DAI into
4 grades. DAI Grade IV are lesions in substantia
nigra and mesencephalic tegmentum, given that
these locations were from DAI grade III [26].
Current guidelines advise performing head CT
scan for all patients with a traumatic head injury and Glasgow Coma Scale (GCS) below 15
[8]. However, 20% of moderate and severe TBI
patients have no pathological changes on the admission CT scan and for the ones who do – CT
is not reliable in predicting functional recovery
[15]. In addition to that, only up to 10% of cases
of mild TBI present with abnormalities on urgent non-contrast CT scans [31].
A. H. Karantanas and colleagues analyzed the differences between CT and MRI findings in acute
closed head injury. In this study, MRI detected
DAI grade I changes in 37 patients, grade II in 32
patients, and grade III in 9 patients, as opposed
to 2, 1, and 0 patients with DAI changes on CT
scan respectively [13].
Limitations of non-contrast CT scan regarding
DAI include poor assessment of early ischemic
changes, beam-hardening artifacts, signal dis-

placement near metallic objects, osseous tissue,
and calcifications [9, 32].
MRI is valuable in assessing head injury due to
its superior soft-tissue contrast and higher resolution compared to CT [5]. Because of increased
sensitivity for brain tissue pathologies, MRI is
a rational second-line imaging tool, especially
when urgent CT fails to reveal the possible cause
of a patient’s symptoms and clinical signs [15].
Typically, routine MRI provides more detailed
information about the defect shown by the CT
and possibly outlines smaller abnormalities (e.g.
DAI) that CT may miss. A retrospective study by
Cicuendez and colleagues has shown, that MRI
T2W/ FLAIR and GRE sequences are sufficient
to detect DAI lesions in more than 80% of the
cases and these authors recommend performing these sequences in subacute TBI [33]. While
other researchers argue that conventional MRI is
of inadequate sensitivity in diagnosing DAI [20,
34, 35]. Nevertheless, obtaining proper sequences demands additional time that many unstable
head trauma victims do not have upon admission [7]. Hence, advanced MRI techniques could
provide a more accurate diagnosis.
Due to fiber tract architecture, diffusion of water
molecules in healthy white matter is directional
or anisotropic [15]. Traumatic events compromise myelin integrity, thus, causing changes in
common DTI parameters: FA, RD and mean
diffusivity (MD). Typically, DAI lesions present
with increased MD and decreased FA [34-36].
In a DTI study of 27 patients with TBI, statis-

Figure 5. Axial MRI DWI/ADC scans: hyperintense areas in the corpus callosum on DWI scans
(1A and 2A) correspond with hypointense areas in ADC map images (1B and 2B) and confirm
restriction of water diffusion.
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Figure 6. Urgent axial CT scan on the day of the accident: fracture of the cranium and air in the
basal cisterns, near the tentorium.

tically significant changes in association with
axonal injury were observed: reduction in FA in
the corpus callosum, fornix, bilateral uncinate
fasciculus, and bilateral superior thalamic radiations and rise in MD value in left uncinate fasciculus, left inferior longitudinal fasciculus and
left posterior thalamic radiation [34]. There is
evidence suggesting possible recovery of FA index in DAI foci [35, 37]. Moreover, in cases of
DAI, RD tends to remain unaffected in the early
acute phase (up to 4 days), following a gradual
rise in the subacute phase (up to 1 month) due
to demyelination, edema, and macrophage infiltration [38].
Diffusion tensor tractography (DTT) is a 3D
representation of specific white matter tracts us-

ing data collected by DTI. DTT is a relevant diagnostic method for establishing changes in fiber tract connectivity during different (acute and
chronic) stages of DAI [39]. Due to the variety in
fiber diameter and their arrangement (e.g. fiber
crossing) DTT might not be able to precisely reflect the underlying fiber tract structure, leading
to misinterpretation of the tract condition [40].
SWI is a widely used clinical tool for visualizing
deoxyhemoglobin in veins, iron deposition in the
brain, hemorrhages in the tissue, microbleeds,
and calcifications [5, 41]. Compared to GRE,
SWI can depict both: higher number and much
smaller hemorrhagic lesions, thus, making it a
potentially better diagnostic tool for DAI [42].
Yet, SWI detects DAI indirectly through vascular

Figure 7. Axial MRI T2W/2fl/hemo scan 1 week after the accident: hemosiderin deposits in the
brainstem and subcortical white matter of the cerebral hemispheres.
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Figure 8. Axial DWI scan 1 week after the accident: multiple hyperintense areas in the brainstem,
corpus callosum, basal ganglia, subcortical white matter, and cortex of cerebral hemispheres.

impairment which leads to possible misdiagnosis [15].
Another progressive MRI technique that could
be of value in assessing brain trauma, extend of
axonal and myelin impairment is myelin water
imaging (MWI). In cases of TBI, this modality detects reduction of apparent myelin water fraction
in characteristic areas which is consistent with
pathological changes suggesting DAI [43, 44].
Quantitative MRI methods, e.g. proton MR spectroscopy (1H-MRS) can also investigate changes
inside the brain caused by TBI and DAI. This
non-invasive technique can analyze intracellular metabolic status by quantifying surrogate:
N-acetyl aspartate (NAA) is a marker for neuronal loss of dysfunction, creatine (Cr) for brain
energy metabolism, and choline (Cho) for cell
membrane production or restoration, inflammation or loss of myelin sheath [45]. In 1H-MRS
scans mild TBI and DAI are associated with a
26

reduction of NAA and increase in Cho due to
membrane disruption, reduction of NAA/Cho,
and NAA/creatine ratio [45-48]. Abnormalities
in the metabolic status of the cells measured by
MR spectroscopy contribute to better diagnosis
of TBI and DAI as it proves evidence of microscopic injury that clinical and radiological examinations may miss.
The outcomes after TBI and DAI may vary greatly. The grade of DAI corresponds with the severity of the disease, yet the total and regional
volume of the lesions is not often acknowledged.
The overall volume of DAI lesions is associated
with functional outcomes [49, 50]. A study published in 2016 has observed that the presence of
axonal lesions in the corpus callosum (DAI grade
II) correlate with unfortunate outcomes and the
volume of the lesions is particularly significant
[51]. Further research into the DAI grade III has
revealed that not all brainstem lesions are equal-
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Figure 9. Axial ADC map images 1 week after the accident: multiple hypointense areas of restricted
water diffusion that correspond with DWI images (Figure 8).

ly related to the outcome. Izzy and colleagues
have discovered that lesions located in the dorsal brainstem have higher utility for predicting
1-year functional outcomes than lesions situated elsewhere in the brainstem [52]. In addition
to posterior brainstem injuries, bilateral involvement of the brainstem is also a poor prognostic sign [53].
The distribution of axonal injury in children and
adolescents follows a similar path as in adults:
diffuse throughout the brain, but mainly located
in the grey-white matter interfaces [54]. Pediatric TBIs occur at a time when brain tissue is still
developing, bones of the skull and muscles of the
neck have not fully matured so the extent of the
injury can be more detrimental [55].
To sum up, many researchers conclude that CT

scan is not a sensitive technique for the detection of DAI, however, in an acute setting CT
may identify life-threatening injuries that may
require surgical intervention. MRI is a rational
second-line imaging tool following urgent CT,
especially when urgent CT fails to reveal the
possible cause of the patient’s symptoms and
clinical signs. Yet, conventional MRI sensitivity
in detecting DAI is questionable. Advanced MRI
sequences could contribute to more accurate diagnosis by depicting microscopic hemorrhagic
lesions (SWI), changes in diffusion properties of
water (DTI, DWI) or changes in fiber tract connectivity (DTT), alterations in the functional architecture of the brain (fMRI). Location and volume of DAI lesions are important in predicting
functional outcomes.

Figure 10. Axial MRI T2W/FLAIR scan 19 months after the accident: extensive demyelination, encephalomalacia, hydrocephalus, and deformity of the head due to craniotomy.
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Figure 11. Sagittal MRI T2W scan 19 months
after the accident: deformity of the head after
craniotomy, encephalomalacia, and atrophy of
the brainstem.

CASE DESCRIPTION
A 9-year-old male patient was run over by a car
in a crosswalk. Clinical examination at the emergency department revealed a GCS score of 3-4
and dilated pupils with loss of pupillary light
reflex bilaterally. State of coma and severe brain
injury were established. Initial head CT scan
demonstrated air bubbles in the basal cisterns
due to skull fracture (Figure 6). The patient underwent craniotomy for intracranial hypertension. Hydrocephalus developed and the patient
was treated with insertion of a ventriculoperitoneal shunt. MRI performed 7 days after the
accident exhibited hemosiderin deposits in the
brainstem and subcortical white matter of cerebral hemispheres (Figure 7). DWI/ADC scans
displayed multiple areas of restricted water diffusion that correspond with the diagnosis of DAI
(Figure 8, 9).
One and a half years after the traffic accident patient remains in a vegetative state, unresponsive
to the outside world. In the area of craniotomy,
the patch of skin is concave to the base of the
skull. MRI scan displayed head deformity, extensive loss of white matter, and hydrocephalus
(Figure 10).
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ABSTRACT

Bronchopulmonary sequestration is an uncommon congenital anomaly in which part of the non‐functioning pulmonary tissue is divided from the normal lung and has no normal connection with the tracheobronchial tree and
pulmonary artery. This disease has an unknown etiology and is representing 0,1-6% of all structural lung diseases and
developmental malformations. Diagnosis and management of congenital lung malformations has evolved over the past
several decades. Earlier, more definitive diagnoses and, consequently, more timely intervention in utero or after birth
have been enabled by advancement in imaging technology. The most commonly used imaging techniques to identify
and characterize sequestration spectrum are conventional computer tomography and angiography.
Aim. To present a clinical case of bronchopulmonary sequestration diagnosed in Hospital of Lithuanian University of
Health Sciences Kaunas Clinics and review the latest scientific literature on this topic.
Methods. A review of the literature using the PubMed database was performed. Publications, researching the problem
of pulmonary malformations, were selected and a clinical case of bronchopulmonary sequestration was presented.
Conclusions. Pulmonary sequestration is uncommon disease, representing about 1 to 6% of all congenital lung anomalies and might be undetected during the prenatal period and early childhood years. If PS remains undiagnosed the risk
of massive hemoptysis from pulmonary hypertension arises. Our purpose is to promote awareness of diagnosing this
condition among various physicians. In this article we present a clinical case of bronchopulmonary sequestration with
imaging characteristics.
Keywords: pulmonary sequestration, lung malformations, anomalous systemic arterial supply.

INTRODUCTION
Pulmonary sequestration (PS) is a congenital
lung malformation, in which a segment or lobe
of dysplastic lung tissue exists with no apparent
communication with the tracheobronchial tree.
It receives an anomalous systemic vascular supply, separate from the rest of the lung, most commonly from the descending thoracic aorta. In
1946, Pryce was the first to use the term “pulmonary sequestration” and classified this malformation into two types. Intralobar sequestration
(ILS) is the more common type, which occurs
within the visceral pleura of the functioning
lung. In cases of extralobar sequestration (ELS),
pleura separates the malformation from adjacent
normal lung tissue (1–3). It is important to note
that lungs with normal bronchial branching and
circulation can also have an anomalous systemic arterial (ASA) supply, a phenomenon called
pseudosequestration (4). This uncommon disease of still unknown definite etiology represents
up to 6 percent of all structural lung diseases and
developmental malformations. It usually remains
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undetected during the prenatal and early childhood periods raising the risk of massive hemoptysis from pulmonary hypertension (1,3,5,6). Our
purpose is to raise awareness of diagnosing this
condition among various physicians.
CASE REPORT
20-year-old male presented to our hospital due
a persistent cough, which is exacerbated during
physical activity. A year before, during a preventive health screening the patient was diagnosed
with a benign cyst in the lower part of the middle lobe of the left lung. The current chest radiograph revealed an abnormal conglomeration in
the basal parts of the same lung (Fig. 1).
Non-contrast chest computed tomography (CT)
showed a polycyclic cystic lesion (Fig. 2). Additionally, contrast chest CT showed branches extending from the abdominal aorta although contrast enhancement was obscure. CT angiography
confirmed that the affected lesion was supplied
by the coeliac trunk (Fig. 3).
The patient was diagnosed with intralobar se-
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Fig. 1 Chest X-ray showed an abnormal conglomeration in the left lung field (arrows).

questration as there was not enough data to
confirm any arteriovenous malformation. Angiography was necessary to specify the diagnosis,
but it was not performed in this case. However,
physician council decided not to undergo any interventional treatment and the patient is being
followed up on an outpatient basis.
DISCUSSION
In cases of PS or ASA, most patients are diagnosed coincidently (3,5–10) or present with a
certain degree of hemoptysis (11–17). According
to a Mayo clinic case series review, although the
malformation is present from birth, the median
age at diagnosis was 42 years. ILS is overall the
most common form, comprising approximately

75 to 90 percent of sequestrations, while 10 to 25
percent are ELS. Males and females are equally
affected with ILS, while ELS has a male predominance in most (18). Furthermore, if most probable causes of coughing, dyspnea, chest or back
pain, clubbing of nails, recurrent or prolonged
infections, and cardiac murmurs are excluded,
PS or ASA should be considered in the differential diagnosis as well. Infections in the case
of ELS are rare as the malformation is separated
from the adjacent normal lung tissue (3,19). If
the sequestration is of considerable size or occupies an anatomically significant location, ELS
can manifest clinically in early infancy with respiratory distress, high output congestive heart
failure due to right-to-left shunt, and incidental
spontaneous pulmonary or pleural hemorrhage.

Fig. 2 Non-contrast chest CT showed a polycyclic cystic lesion (*). Contrast-enhanced chest CT
showed branches arising from the abdominal aorta (arrow).
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Fig. 3. CT angiography confirmed that the affected lesion was supplied by the coeliac trunk (arrows). Imaging highly suggests of intralobar sequestration.

Pseudosequestrations are generally asymptomatic. Undiagnosed cases can result in pulmonary
hypertension and congestive heart failure in later
years of life (4,12,20). Moreover, it is important
to note that other underlying diseases can mask
any of these pathologies (21).
In 1946, although being the most rare lung malformation, Pryce defined ASA supply as Pryce
Type I sequestration. This malformation must be
distinguished from the real bronchopulmonary
sequestrations as it does not have a sequestrated
lung component. Due to this fact physicians term
it as pseudosequestration or anomalous systemic arterial supply to a normal lung (4,12,22).
In a chest X-ray, the area supplied by the anomalous artery is seen as an ill-defined non-specific
opacity (11,14,16,21). Multidetector CT (MDCT)
and CT angiography and 3-D reconstructions
provide a possibility to objectively evaluate both
the origin and the exact course of the anomalous
artery (7,11–13,15,17). The most frequent ASA
origin is the descending aorta, which in most
cases course to the lower lung field and supplies
it (7,10,12,14,16,17,21). Other localizations such
as the abdominal aorta, inferior phrenic artery,
coeliac, thyrocervical, and intercostobronchial
trunks supply either the left upper field or the
right lung (8–11,13,21).
Even though such new radiological technologies have emerged, conventional CT and angiography techniques remain the most frequently
used methods in healthcare systems (8–10,14–
17,21,23). Some authors suggest that tumor
markers such as Ca 19.9 could be an effective tool
in non-invasive differential diagnosis, although
more in-depth research about such applications
is needed (23).
After confirming the diagnosis, interventional
32

treatment should be applied as soon as possible.
Lobectomy or segmentectomy (8,9,11,12,21,23),
ASA surgical ligation (8,21), and endovascular
embolization (9,10,14,15) are the treatment options for the pathology. Although surgical resection via thoracotomy or video-assisted thoracic
surgery (VATS) remains the most frequently
applied method, embolization is a superior technique as it is both less invasive and provides
satisfactory treatment results. Some researchers
also note that vascular plug embolization provide better results than coil counterparts (9,15).
Moreover, despite its’ advantages against surgical
lung tissue removal or vascular ligation, dense
tortuosity and large diameter of the ASA are a few
of the limiting factors of this procedure (11,16).
Procedure can be postponed only in those instances, in which the patient is asymptomatic
and either too young, too old, or other patient
comorbidities require more urgent physician attention (10,21,23). In rare cases, interventional
treatment is optional, if ASA provides sufficient
blood supply to the lung parenchyma and does
not form any arteriovenous fistulas with the pulmonary veins [4]. Symptomatic treatment is also
available although not recommend due to high
risk to the patients’ health of not undergoing interventional treatment (17).
CONCLUSION
This uncommon disease usually remains undiagnosed during the prenatal and early childhood
periods raising the risk of significant complications. It is of utmost importance that physicians
of different fields, especially radiology, obstetrics
and gynecology, neonatology, pulmonology, and
family medicine can recognize the disease to
avoid negative patient treatment outcomes.
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ABSTRACT

Thrombophilia, or hypercoagulable state, can cause various thrombotic events. It occurs due to inherited and/or acquired factors. Inherited risk factors, such as factor V Leiden, antithrombin, prothrombin, protein S and C mutations,
have been associated with increased presence of venous thrombosis and some suggest an increased arterial thrombosis
incidence as well. Acquired risk factors are found more often than inherited. The most prominent acquired risk factors
include atrial fibrillation, malignancy, sepsis, obesity, diabetes mellitus, antiphospholipid syndrome and COVID-19
infection. All of these risk factors alone can cause thrombotic events, but most of the time thrombosis occurs due to
multifactorial interaction of various established risk factors and patients’ overall well-being. With this article we present
a case report of intracardial thrombosis in a patient with atrial fibrillation and a brief literature review of the causes of
hypercoagulability.
Keywords: Thrombophilia, thrombosis, tomography.

INTRO
Thrombophilia, or hypercoagulable state, refers
to a blood disorder, which can increase clotting and thrombus formation. This was known
since 1856, when Virchow introduced his triad
of mechanisms for thrombosis, which remained
relevant to modern times [1]. Nowadays, thrombophilia can be classified to inherited or acquired.
Specific genetic mutations have been identified,
which can greatly affect the blood coagulation
and coagulation factor function. There are also
various acquired diseases that can increase the
risk of either venous or arterial thrombus formation [2]. Thrombophilia can predispose various thrombotic events, however thrombosis or
thromboembolisms are often multifactorial [3].
This report analyses the most common inherited
thrombophilias and focuses on the various diseases that can have a risk for hypercoagulability.
INHERITED RISK FACTORS FOR HYPERCOAGULABILITY
Inherited thrombophilia is a genetically determined tendency of venous and/or arterial throm34

bus formation. In current times inherited thrombophilia can be classified according gene altering
mutations, which consists of – loss of function
and gain of function [4]. The former involves
coagulation inhibitor decrease and it includes
antithrombin (AT), protein C (PC) and protein
S (PS), while the latter incorporates coagulation
factor increase – the most prominent being factor V Leiden (FVL) and prothrombin G20210A
(PT) mutation [4, 5]. FVL and PT are accountable for 50–70% of inherited thrombophilia that
has been diagnosed [2]. However, AT, PC and PS
can contribute to severely greater thrombosis,
even if they are less frequent [2,4]. Blood group
ABO may also plays a role in thrombophilia. It
has been reported that people with ABO blood
group tend to have an increased risk of venous
thromboembolism [2,6,7].
FACTOR V LEIDEN
FVL may depict up to 50% of diagnosed hereditary thrombophilias [4]. Although being the
more prevalent, it tends to pose a weaker risk
for thrombus formation [2]. Heterozygote carriers of this trait tend to have a 5-fold higher risk
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for VTE disease. For homozygotes this risk can
reach up to 50-fold higher [8]. Furthermore,
women with FVL can have an up to 3-fold greater risk for miscarriage and various gynecological complications during pregnancy, however
the rate of successful delivery is still high [9]. A
study in Argentina concluded that FVL might
have a significant effect on fetal growth retardation, while PT mutations were found insignificant compared to control study [10]. PT is the
second most common inherited thrombophilia.
Carriers of G20210A mutation have an increased
plasma prothrombin of 30% for heterozygous
and 70% for homozygous [8]. In general population the prevalence for PT mutation is up to 4%
with Caucasians being the most affected race [4].
Comparing PT and FVL mutations for people of
30 years and younger, PT tends to have a higher
risk of developing VTE than FVL – 0.44% and
0.25% respectively [11]. Both FVL and PT increase the risk for thrombotic events in women
who use oral contraceptives. Women with FVL
and PT mutations, who use oral contraceptives
are, respectively, at 35 to 99 times and 16 times
greater risk than non-carriers who don’t use OCs
[12]. A prospective study of 354 elderly patients
found that FVL and PT were not associated with
VTE recurrence [13]. A recent meta-analysis concluded that both FVL and PT, regardless of zygosity, were found in significantly more arterial ischemic stroke cases than control studies [14].
ANTITHROMBIN DEFICIENCY
Antithrombin deficiency may be relevant in
about 1% of VTE cases and even less so in arterial thrombosis cases [15]. However, AT is linked
with a high risk of thrombosis, with spontaneous VTE occurring in 60% of cases [4]. Without anticoagulation therapy the risk for VTE
occurrence is approximately 10.5% per year.
Prescribing long-term anticoagulants reduces
this incidence significantly, but still about 2.7%
of patients will experience recurrent thrombosis
[8]. AT mutation in pregnant women can be responsible for first time VTE development up to
31% if there are no other risk factors associated with thrombosis and up to 50% if there are
risk factors present [4]. Poor pregnancy outcome

of 55.6% was reported in retrospective study of
18 pregnancies of women with AT, however patients treated with anticoagulation were seen to
have fewer complications [16]. Although, AT is
associated with higher venous thrombosis risk,
arterial thrombosis risk seems to be unaffected
– meta-analysis of 12 studies found no statistical
significance with AT and arterial ischemic stroke
cases [9].
PROTEIN S AND C MUTATIONS
Similar to AT deficiency, PC and PS mutations
are less frequently found in general population,
but both are strong risk factors for thrombosis
[17]. PC and PS role in coagulation is associated
with one another – activated form of PC is a natural anticoagulant and PS is it co-factor [2]. PC
deficiency can be asymptomatic or can lead to
extensive thrombosis and disseminated intravascular coagulation [4]. It is reported that people
with this mutation have a 2-3 times greater risk
of experiencing first episode of VTE than those
who have FVL or PT mutations [18]. About 50%
of PC mutation carriers experience a thrombotic
event as early as 45 years of age [4]. Homozygous PC deficiency can also cause a severe life
threatening condition – ischemic necrosis of extremities, which is due to dermal vessel thrombus manifestation [2]. PC and PS are found only
about 0.1-0.2% in general population [4,18]. PS,
however, is more likely to be detected in Asians
[8]. Homozygous or double heterozygous PS deficiency is very rare and symptoms of this mutation is resembling the same PC deficiency mutations [8]. PS defect has been associated with a
10-fold greater risk of VTE [19]. Both PC and
PS in the latest meta-analysis were found to be
statistically significantly associated with arterial
ischemic stroke [5].
BLOOD GROUP ABO
It is well established that people with ABO blood
group tend to experience thrombotic events more
frequently. The thought behind it is that VTE and
other thrombotic developments are associated
with ABO because von Willebrand factor, which
is about 25% higher in ABO groups, and factor
VIII (FVIII) plasma levels [20]. A recent retro35
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spective study in China concluded that patients
with non-O blood types experienced statistically significantly more VTE episodes than control
group [21]. ABO blood groups are linked with
2.6-fold greater risk for occurrence of VTE, with
blood group A being the most dominant in this
risk [8]. A study in Denmark established that
non-O blood type was the most prevalent risk
factor for VTE and was significantly associated
with VTE manifestations [22]. Moreover, people
with non-O blood type accompanied with inherited thrombophilia have a risk of VTE up to
23.2-fold greater than control cases [2].
ACQUIRED RISK FACTORS FOR HYPERCOAGULABILITY
ANTIPHOSPHOLIPID SYNDROME (APS)
One of the acquired risk factors for hypercoagulation is the antiphospholipid syndrome (APS)
whereat antibodies are directed against natural
constituents of cell membranes, the phospholipids [23]. Antiphospholipid syndrome is a systemic autoimmune disease manifests by arterial or
venous thrombosis [24]. Although antiphospholipid antibodies (APLA) occur in 3 to 5% of the
population, they are dangerous because of their
ability to cause arterial or venous thrombosis,
even fetal loss [23]. Common clinical manifestations of APS include stroke, venous thromboembolism, recurrent early miscarriages and late
pregnancy losses [25,26]. The presence of APLAs
is a significant factor for thrombotic events, but
it is noticed that secondary triggers, such as infections, immobility are usually necessary for the
progression of the syndrome [27]. APLA is positive when positive tests repeat ≥ 12 weeks apart
[28]. According to Sidney criteria, five tests have
to be taken: the lupus anticoagulant, anticardiolipin antibodies IgG or IgM and aβ2GP1 IgG
or IgM [28]. APLA can also occur secondarily to
other diseases like collagen vascular disease or
drugs like phenytoin, cocaine [23, 29].
OBESITY
Sedentary lifestyle and protracted immobili36

zation are associated with obesity, which is an
additional prothrombotic risk factor [30]. The
mechanism of the obesity related hypercoagulability includes a pro-thrombotic state secondary to chronic inflammation and decreased
clot breakdown via inhibition of the fibrinolytic
pathway [31]. The proinflammatory and lesser
fibrinolytic response indicates that obesity might
be exacerbated by dysregulated expression and
secretion of adipokines and microRNAs, which
later increase the risk of thrombosis [31]. Obese
individuals have shown increased circulating
levels of von Willebrand factor (VWF), tissue
factor, factor VII and VIII, and fibrinogen, causing a mild to moderate hypercoagulable state
[32]. A case-control study with patients aged
18-65 years attending outpatient venous thromboembolism (VTE) clinics, evaluated that prolonged work and computer related immobility
increased risk of VTE in adults who were seated
for at least 10 hours/day, including at least 2 consecutive hours without getting up [30].
SEPSIS
Sepsis is a rather commonly acquired hypercoagulable state in patients with severe infection.
While this condition persists, coagulation system
is greatly influenced and can result in disseminated intravascular coagulation (DIC), which in
turn can lead to bleeding and/or multiple organ
failure [33]. Approximately 50-70% of patients
with sepsis are showing signs of significant coagulation effects, but only a third will adhere to
the criteria for DIC [34]. Hypercoagulability in
sepsis is likely to have numerous pathogenetic
mechanisms involved and that is the most likely reason why single substance therapies have
not contributed to better outcomes [34]. During
sepsis pro-inflammatory cytokines and chemokines are interacting with the natural coagulation
process, resulting in impairment of fibrinolysis
and tissue-factor activation. This interaction in
turn enhances thrombin generation and fibrinogen to fibrin conversion. Platelets interact with
vessel endothelium and thrombin resulting in
activated platelets circulating and binding with
conversed fibrin, which can result in microvascular clot formation [35]. Moreover, it been
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known that platelet-activating factor is excreted
during inflammation, which accelerates the process even further [34]. Furthermore, activated
platelets express protein P-selectin, which affects
monocytes increasing tissue factor secretion
and pro-inflammatory cytokines and chemokines [35]. Treatment of this condition has been
focused on reinforcing natural anticoagulation
pathways with antithrombin concentrate and recombinant human activated protein C. However,
even though these methods have promising results in restoring normal coagulation states, they
haven’t shown to improve clinical outcomes of
patients [36].
COVID-19
The hypercoagulable state is also observed in
the presence of Covid-19 [37-40]. One of the
mechanisms is based on increased VWF expression in Covid-19 patients [37,40]. In the case
of damaged endothelium, platelets may adhere
more easily to VWF on dysfunctional or damaged endothelium [37]. When VWF adheres to
the endothelium, platelets are easily activated
by proteins like collagen, that may induce immunothrombosis through the immunothyrosine (ITAM) receptor GPVI [37]. Excretion of
adenosine diphosphate (ADP) and synthesis of
thromboxane A2 (TxA2) supports platelet activity through thromboxane receptor (TR) and
purinergic receptors (P2Y) [37]. There is also a
hypothesis, that the renin-angiotensin system
(RAS) may be involved in the pathophysiology
of COVID-19 [42]. When angiotensin II/angiotensin I is activated, aldosterone is being released, which upregulates protein-C receptors in
human vascular endothelium [42]. These receptors are affiliated with prothrombotic state [43].
Also, it was noted that D-dimer, fibrinogen degradation products (FDP) and fibrinogen (FIB)
values were undoubtedly elevated, meanwhile
antithrombin (AT) was decreased [41]. Furthermore, anticipating of D-dimer and FDP can be
used to monitor Covid-19 progression [41].
DIABETES MELLITUS
Vascular complications are frequently provoked
by endothelial dysfunction, hypercoagulability

and inflammation among patients with diabetes
mellitus [44]. Hypercoagulable state is a consequence of these vascular abnormalities [44-46].
Hyperglycemia leads to a development in oxidative stress, which may cause increased markers
of inflammation, endothelial dysfunction, decreased adiponectin [44,46]. Also, it was noted,
that VWF, IL-6, TNF-α, D-dimer and plasminogen activator inhibitor-1 (PAI-1) are higher in
diabetic patients [44,47].
MALIGNANCY
Hypercoagulable state can also be induced by
tumor cells [48-50]. One of the mechanisms is
that tumor cells produce fibrinolytic substances
and inflammatory cytokines such as TNF-alpha,
IL-1 and IL-6 and they develop blood thickening
[48,49]. Malignancy can also cause hypercoagulability because of inflammation, anomalous protein metabolism and stasis [48]. It was noticed,
that tissue factor (TF) and cancer pro-coagulant
(CP) are being released which can cause plaque
destabilization and hewing of factors X to Xa,
which results in the formation of thrombin [49].
Also it should be considered, that stroke can be
associated with cancer because of hypercoagulable state and it was noted, that D-Dimer levels
and fibrin degradation products are higher [50].
ATRIAL FIBRILLATION
Atrial fibrillation (AF) is one of the most common continuous cardiac arrhythmias which is
associated with hypercoagulable state [51-53]. It
was noticed in the meta-analysis, that high levels
of circulating hemostatic markers such as PF4, BTG, P-selectin, D-dimer, fibrinogen, TAT,
F1+2, AT-III, and VWF were associated with AF
[51]. In this meta-analysis were described significantly higher coagulation activation markers,
including plasma D-dimer, fibrinogen, thrombin-antithrombin (TAT), prothrombin fragment
1+2 (F1+2), and antithrombin- III (AT- III) in
patients with AF than in control group [1]. Also,
the endothelial dysfunction marker VWF was
higher in AF patients [51]. In another article it
was noted, that prothrombotic state in atrial fibrillation is mostly driven by inflammation and
37
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the release of various growth factors [52]. During
the inflammation, IL-6 boosts platelet production and sensitivity to thrombin, triggers transcription of fibrinogen, and is linked to endothelial activation and damage [52]. Meanwhile,
vascular endothelial growth factor is heightened
in persistent and permanent atrial fibrillation,
with an interrelated increase in TF [52]. Another study highlighted D-dimer because its values
may be associated with the appearance of atrial
thrombosis, might predict primary negative outcomes and death in patients with AF, and also
might be a practical guideline for assessing the
degree of hypercoagulability of AF patients after
cardioversion [53].

CT topogram. Enlarged heart.

CTA. Axial plane. No. 3. Thrombus in right
atrial appendage. (Green arrows).
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CLINICAL CASE
76 years old female patient came to admission
complaining about a month-long shortness of
breath at rest. Patient with anamnesis of heart
failure, chronic atrial fibrillation, claimed to consuming Warfarin, Spironolactone, Torazemide,
Bisoprolol, Zofenopril.
Blood pressure: 143 mm [Hg] / 82 mm [Hg],
pulse: 100 rpm.
SPO2: 94%. The patient conscious, focused. Hemodynamics stable, cardiac arrhythmia. Breathing in the lungs is vesicular, without corpuscles.
Abdomen soft, painless. No peripheral edema.
ECG – tachycardia and atrial fibrillation.
CTA. Axial plane. No. 2. Massive thrombus is
seen in the left main pulmonary artery (green
arrow).

CTA. Axial plane. No. 4. Thrombus in right
atrial lateral side, enlarged atrial space. (Green
arrows).
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CTA. Axial plane. No. 5. Enlarged diameter of
pulmonary trunk indicating pulmonary hypertension.

CTA. Axial plane. No. 5. Contrast regurgitation
to inferior v. cava and hepatic veins indicating
right heart chambers overuse. (Green arrow).

CTA. Axial plane. No. 6. Thin free fluid layer in
right pleural space. (Green arrow).

CTA. Axial plane. No. 7. Thin fluid layer in pericardial space. (Green arrow).
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Laboratory examination results
Test
Prothrombin Time (%)

Result

Normal range

47

70 - 130

International Normalized Ratio

1.45

0.9 – 1.2

Activated partial thromboplastin time (APTT) (s)

31.7

26.3 – 40.3

D-dimer (mg/l)

>4.00

0 – 0.5

Troponin I (ng/l)

15

0 – 10

MCHC (g/l)

334

320 – 360

PLT (µU/ml)

192

150 – 400

MPV (fl)

10

6 – 11

PDW (%)

13.7

11 – 18

PCT (l/l)

0.0019

0.0015 – 0.004

WBC (µU/ml)

9.3

4 – 10

LYM# (µU/ml)

1.35

1–4

RBC (µU/ml)

5.03

4.1 – 5.1

HGB (g/l)

152

120 – 150

HCT (l/l)

0.455

0.35 – 0.47

MCV (fl)

90.4

82 – 98

MCH (pg)

30.2

27 – 31

LYM% (%)

14.7

22 – 43

NEU % (%)

76.3

42 – 68

EOS% (%)

0.8

1 – 4.9

BAS% (%)

0.5

0.1 – 0.9

MON% (%)

7.7

4 – 12

LIC% (%)

0.6

0–3

MON# (µU/ml)

0.71

0.2 – 1

NEU# (µU/ml)

7.05

2 – 7.5

EOS# (µU/ml)

0.07

0.04 – 0.48

BAS# (µU/ml)

0.04

0.01 – 0.24

LIC# (µU/ml)

0.05

0 – 0.35

RDW- CV (%)

14

11 – 17

RDW-SD (%)

47

37 – 49

P-LCR

28.1

18 – 50

P-LCC

54

44 – 140

Hemolysis

+

Potassium (mmol/l)

4.1

3.5 – 5.2

Sodium (mmol/l)

138

135 – 145

Blood glucose (mmol/l)

6.28

3.9 – 6.4

Urea (mmol/l)

6.5

3.5 – 7.2

Creatinine (µmol/l)

77.3

45 – 84

CRP (mg/l)

8.3

0–5

- X- ray was not informative, dilatation of heart was seen.
- Computer tomography angiography was performed with indication: pulmonary embolism.
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After the diagnosis of massive pulmonary embolism and intracardial thrombosis patient was
hospitalized to intensive care department of cardiology for further treatment.
CONCLUSION
This case report is a reminder for health care
workers that hypercoagulable state can be caused
by many acquired and hereditary factors. By having this in mind, doctors can notice risk factors
and diagnose hypercoagulability sooner which
can prevent life threatening outcomes.
In our case main factors for hypercoagulable
state were atrial fibrillation and heart failure,
however case it self-showed, that patient tolerated massive thrombosis with minor symptoms.
Considering imaging examinations CTA is still
one of the most accurate test for hypercoagulable
complications diagnosis.
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ABSTRACT

Background. The 2019 coronavirus disease pandemic (COVID-19) has spread at an astonishing speed across the world,
causing major morbidity and mortality. Computed tomography (CT) examination plays an important role in crisis
areas in the diagnosis of COVID-19. COVID-19 Reporting and Data System (CO-RADS) has a five-point scale of suspicion for COVID-19 pneumonia in chest CT picture which standardizes the evaluation scheme and simplifies reporting.
Aim. To summarise and present the role of COVID-19 Reporting and Data System in computed tomography of bilateral pneumonia diagnostic.
Materials and methods. Recently published studies were reviewed to evaluate COVID-19 Reporting and Data System
scale as effective tool to detect COVID-19 pneumonia on chest CT scans. Databases from the subscription list of Lithuanian University of Health Sciences were selected: Medline (PubMed), SpringerLink and ScienceDirect.
Results. Chest CT features, as bilateral involvement, subpleural or peripherally distributed GGO, consolidation, reticulation, crazy paving pattern, air bronchogram signs, intralobular septal thickening, pulmonary vascular enlargement,
are considered to be characteristic manifestations of COVID-19 infection. Studies show that Dutch Radiological Society presented CO-RADS scale may reach CT scans sensitivity and specificity for detecting COVID-19 pulmonary
involvement up to 88 % and 98 %, respectively.
Conclusion. Chest CT scan has a high sensitivity for COVID-19 diagnosis and could reduce false negative results obtained by RT-PCR tests. Furthermore, a standardized reporting system could increase clarification, minimize reporting
variability and help radiologists recognize the results they observe, especially, for less experienced specialists.
Keywords: COVID-19, pneumonia, CT scan, CO-RADS, SARS-Cov-2.

CLINICAL APPLICATION OF COVID-19
REPORTING AND DATA SYSTEM IN COMPUTED TOMOGRAPHY OF BILATERAL
PNEUMONIA DIAGNOSTIC: A LITERATURE REVIEW
1. INTRODUCTION
The coronavirus disease pandemic of 2019
(COVID-19) has spread across the globe at an
unprecedented pace, causing substantial morbidity and mortality. Immediate triage of COVID-19 infection suspected patients using chest
computer tomography (CT) may be helpful when
results from definitive viral testing are pending
(1). The Dutch Radiological Society (Nederlandse Vereniging voor Radiologie) launched a
COVID-19 network in early March 2020 to fa44

cilitate development and distribution of COVID-19-related knowledge and tools around the
nation. Standardized CT scoring systems, such
as the COVID-19 Reporting and Data System
(CO-RADS), have been proposed to improve
communication between radiologists and other
health care providers through converting radiologic findings into standardized scores. CORADS rates the likelihood of COVID-19 pulmonary involvement on a scale of 1 to 5 (very
low to very high). A technically insufficient examination (CO-RADS category 0) and RT-PCR–
proven severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection at the time of
examination (CO-RADS category 6) are two additional categories (2). Futhermore, this scoring
system also reports the extent of parenchymal
involvement by assigning a CT severity score to
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patients highly suspected of having COVID-19
(1). COVID-19 has CT findings that partly overlap with those of other diseases, mostly viral
infections, but also has distinct characteristics
that are less common in other settings (2). Such
standardized scoring systems allow for quick
and consistent clinical decision-making, which
is particularly important during these difficult
times. CO-RADS is a CT-based method that is
used in COVID-19 to determine the suspicion of
pulmonary involvement (1). The actual interpretation of whether a patient has COVID-19 needs
to include information, such as laboratory test
results, clinical observations, and the type and
duration of symptoms. Positive RT-PCR results
are still the gold standard for diagnosing COVID-19 at the moment (2).
2. MATERIALS AND METHODS
Recently published studies were reviewed to
evaluate COVID-19 Reporting and Data System scale as effective tool to detect COVID-19
pneumonia on chest CT scans. Databases from
the subscription list of Lithuanian University
of Health Sciences were selected: Medline (PubMed), SpringerLink and ScienceDirect.
3. AIM
This article aims to summarise and present the
role of COVID-19 Reporting and Data System
in computed tomography of bilateral pneumonia
diagnostic.
4. RESULTS
Chest CT has become a significant imaging modality in the assessment and monitoring of COVID-19 pneumonia patients (3), with sensitivity of
97 % (4), indicated the need for a standardized
assessment model that would ease the analysis
and reporting of imaging examinations, serve
as a basis for reliable referral generation, and
increase patient care quality (5). Towards this
aim, the Dutch Radiological Society introduced
CO-RADS demonstrating a sufficient diagnostic
accuracy for predicting COVID-19 pulmonary
presence (2). CO-RADS is classified into 6 categories and are the following:

4.1 CO-RADS 0
CO-RADS 0 defines technically insufficient
scans, such as those with respiratory motion interference or scans that are invalid with a very
poor quality (2).
4.2 CO-RADS 1
CO-RADS 1 represents a very low presumption
of COVID-19, includes findings such as a normal scan or ones that reveal apparent evidence
of non-infectious pathology that encompasses a
variety of other findings, including emphysema,
lung tumors, fibrosis, or perifissural nodules (2).
This correlates with the Radiological Society of
North America (RSNA) consensus statement on
reporting chest CT findings for Negative Pneumonia category (6) that indicates no features in
the parenchyma of the lungs that may be caused
by infection, in particular, no peripheral or nodular ground-glass opacities (GGO) and consolidation could be seen (7).
4.3 CO-RADS 2
CO-RADS 2 shows a low level of suspicion of
pulmonary damage caused by COVID-19 infection, though, it has imaging results that are
characteristic of infective etiology but not COVID-19-compatible. These findings may cover
bronchitis, infectious bronchiolitis, bronchopneumonia, lobar pneumonia, and pulmonary
abscess that could be seen in a chest CT as a
tree-in-bud sign, a centrilobular nodular pattern, lobar or segmental consolidation, and lung
cavitation (2). Atypical Appearance category
of RSNA consensus statement has CT findings
(3) that are close to CO-RADS 2, however, it
excludes smooth interlobular septal thickening
with pleural effusion and appoints as CO-RADS
1 if it manifesting as interstitial pulmonary oedema or CO-RADS 3 if ground-glass opacities are
noticed, giving it a better interpretation of pulmonary damage assessment.
4.4 CO-RADS 3
CO-RADS 3 applies to CT findings that are
equivocal with COVID-19 pulmonary involvement but can also be found in other forms
of viral pneumonia or non-infectious causes. Findings include perihilar ground-glass,
homogenous extensive ground-glass with or
45
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without sparing of some secondary pulmonary
lobules, or ground-glass together with smooth
interlobular septal thickening with or without
pleural effusion if there are no other common
CT findings. Category 3 also includes small
ground-glass opacities that are not centrilobular (otherwise they would be CO-RADS 2) or
not located close to the visceral pleura (otherwise they would be CO-RADS 4). (2,8)

based on CT findings that are typical for COVID-19 but exhibiting some overlap with other
(viral) pneumonias. Findings are similar to those
for CO-RADS 5 but they are not located in contact with the visceral pleura, nor are they located
strictly unilaterally in a predominant peribronchovascular distribution or superimposed on
severe diffuse preexisting pulmonary abnormalities. (2,8)

4.5 CO-RADS 4
CO-RADS 4 implies a high level of suspicion for
pulmonary lession resulting from COVID-19

4.6 CO-RADS 5
Based on standard CT results, CO-RADS 5 indicates a very high degree of suspicion for COV-
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ID-19 pulmonary involvement. (9) The findings
associated with this category can be broken down
into two groups: Mandatory features, which
must be present in all cases, and confirmatory
patterns of features. At least one confirmatory
pattern must be present. (10) Mandatory features
are ground-glass opacities with or without consolidations in lung regions close to visceral pleural surfaces, including the fissures, and a multifocal bilateral distribution. Subpleural sparing
can be present. (2) There are three confirmatory patterns that emerge at various times during
the disease's progression. At an early stage, this
pattern presents multiple ground-glass areas,
which can be rounded or half-rounded in shape
and have unsharp demarcation, or multiple and
sharply limited ground-glass areas outlining the
limits of multiple adjacent secondary pulmonary
lobules. Later in the disease's progression, visible
intra-lobular interstitial thickening combined
with ground-glass opacities forms a "crazy paving" pattern. Later, the pattern changes to one
compatible with organizing pneumonia, which
includes the reversed halo sign, ground-glass
consolidation associated with extensive subpleural consolidations and an air bronchogram,
curvilinear subpleural bands, and ground-glass
bands with or without consolidation, but with an
arching pattern with pleural contact. (10)
4.7 CO-RADS 6
CO-RADS 6 was introduced to classify COVID-19 that had been confirmed by a positive RTPCR test for virus-specific nucleic acid. (9)
Figure.CO-RADS is depicted in representative
axial high-resolution computed tomography
(HRCT) chest images. (A) CO-RADS 1 – normal
HRCT chest. (B) CO-RADS 2 – centrilobular
nodules in the right lung with a tree-in-bud configuration (red arrowheads) – bronchiolitis, later
diagnosed as active pulmonary tuberculosis. (C)
CO-RADS 3 – In a patient with Klebsiella pneumonia, dense consolidation with air bronchogram (red arrow) and surrounding ground-glass
opacity (GGO). (D) CO-RADS 4 - left lung
peribronchovascular GGOs (blue arrows). (E)
CO-RADS 5 – peripheral and subpleural predominant multifocal GGOs with interlobular
septal thickening – “crazy paving” pattern (red

arrows) in both lungs. This was later identified as
COVID-19 pneumonia. (F) A patient with acute
respiratory distress syndrome due to COVID-19
pneumonia had extensive, peripheral confluent
bilateral GGOs with septal thickening. (Jain A,
Patankar S, Kale S, Bairy A. Imaging of coronavirus disease (COVID-19): a pictorial review. Polish Journal of Radiology 2021; 86(1): 4-18).
5. DISCUSSION
COVID-19 has now posed a major threat to
public wellbeing, the social health sector and
remains a global challenge (11). In this case,
Coronavirus, which is highly contagious, must
be diagnosed quickly and accurately in order
to begin adequate therapy, restrict further virus
transmission, and effectively remove the virus
from circulation (12). The standard norm for
COVID-19 detection is RT-PCR of viral nucleic
acid, although, current reports have acknowledged the relevance of chest CT scans analysis in
COVID-19 patients with false negative RT-PCR
findings, especially, when there is a clinical suspicion of infection (13-15). Chest CT features, as
bilateral involvement, subpleural or peripherally distributed GGO, consolidation, reticulation,
crazy paving pattern, air bronchogram signs, intralobular septal thickening, pulmonary vascular enlargement (16-18, 19-25), are considered to
be characteristic manifestations for COVID-19
infection (26) and with a high sensitivity (4,27)
may let suspect this infection both in symptomatic and in some cases asymptomatic patients
(28). However, some lately published meta-analyses, evaluating accuracy of CT scans detecting
COVID-19 pulmonary involvement, points out
a risk of a low specificity and false-positive findings also (27, 29). Dutch Radiological Society
presented CO-RADS reporting model declares
high predictability of COVID-19 in patients
with moderate to severe symptoms (2), leading
to the importance to evaluate this assessment
tool and see whether a standardised model will
provide more specificity and sensitivity into the
practice. By using chest CT images of Japanese
data to detect COVID-19 pneumonia, Fujioka
et al. reported that CO-RADS retains significant efficiency and great interobserver consen47
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sus with average sensitivity of 87.8%, specificity
of 66.4%, and an AUC of 0.859 (8). Other retrospective study in Italy demonstrated high diagnostic accuracy and moderate interrater consensus among readers of varying skill levels with
even higher than previous report specificity of
81%, but lower sensitivity of 61% and an AUC
of 0.72 (30). Dutch themselves measured the
real-life performance of radiologist emergency
department chest CT interpretation for tracing
COVID-19, using CO-RADS and revealed a
high precision of diagnosing with AUC of 0.87,
especially when symptoms last longer than 48
hours (31). Another retrospective analysis of
the practical use of CO-RADS in the emergency department of patients with possible COVID-19 infection also showed a great sensitivity
and specificity of CO-RADS at 83.8% and 78.6%,
respectively, with an AUC of 0.890 and provided
a better risk classification by 65.8% in patients
affected and by 82.1% in patients not affected by
COVID-19 (26). A study made by Özel et al. in
Turkey to assess CO-RADS model agrees with
Dutch Radiology society findings by discovering
this reporting scheme being incredibly effective
in detecting COVID-19 pneumonia, especially,
CO-RADS 5, which suggests a very high probability for infection and statistically significant
correlation with RT-PCR results (32). A comparison analysis of CO-RADS scale and severity scoring system (CT-SS), suggested by Yang
at al. (33), of predicting severe COVID-19 disease revealed both providing great performance
with an AUC of 0.97 and 0.89, respectively, and
CO-RADS scale giving even a better capability,
with specificity of 98% at cut-off point > 4.5, sensitivity of 88% (34). Showing a great standardised reporting model sensitivity and specificity
by previous studies Lessmann et al. introduced
an artificial intelligence (AI) system to rate the
probability of COVID-19 pulmonary involvement on CT scans by using CO-RADS and CT
severity scores, providing high patients with
COVID-19 identification results with an AUC of
0.95 in an internal cohort and an AUC of 0.88
in an external cohort (1). Some analysis indicate that CT imagining could be addressed for
COVID-19 screening, thorough assessment, and
follow-up, especially in epidemic areas with high
48

pre-test disease probability (26) and combining
it with a predictive assessment and reporting
system could further improve the accuracy of diagnosing the COVID-19 pneumonia (35).
In conclusion, chest CT scan has a high sensitivity for COVID-19 diagnosis and could reduce
false negative results obtained with RT-PCR
tests. Furthermore, a standardized reporting
system could increase clarification, minimize
reporting variability and help radiologists recognize the results they observe, especially, for less
experienced specialists.
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