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Coronavirus disease 2019 (COVID-19), caused by severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2), is a severe infection primarily affecting the respiratory 
tract. The disease was first described in Wuhan, China, in December 2019, and then 

quickly spread most of the world, causing a disastrous pandemic (1, 2). COVID-19 pandem-
ic has become an important public health problem in a relatively short time with its high 
mortality rate and collapsed social and economic life, globally. Although there is no proof 
of an effective treatment until now, there are a significant amount of studies focused on the 
mechanisms of transmission, clinical features, the most common laboratory and radiologi-
cal findings, and the course of the disease (3). 

PURPOSE 
It has come to our attention that specific vascular changes (VCs) appear more frequently in chest 
computed tomography (CT) of patients with coronavirus disease 2019 (COVID-19). In this study, 
we aimed to investigate if these specific VCs in chest CT correlate with clinical severity of the 
disease.

METHODS
CT images of 102 patients who underwent low-dose noncontrast chest CT due to COVID-19 be-
tween 11 March 2020 and 11 April 2020 were evaluated retrospectively. The patients were divid-
ed into two groups based on the presence of VCs in CT images. VCs in chest CT of patients with 
COVID-19 were defined using the following descriptors: decreased lumen caliber, vascular wall 
irregularity, angulation in the course of the vessel, vascular disruption, and/or interruption. The 
relationship of these VCs with disease symptoms (fever, cough, shortness of breath), comorbid 
conditions (diabetes, hypertension, asthma), smoking habit, disease-specific laboratory changes 
(white blood cell-lymphocyte count, neutrophil/lymphocyte ratio, C-reactive protein [CRP], D-di-
mer, lactate dehydrogenase [LDH], ferritin, procalcitonin), lung parenchymal infiltration pattern 
(ground-glass opacity, crazy-paving pattern, consolidation) and its distribution (peripheral, cen-
tral, mixed, upper lobes, lower lobes, right middle lobe) on CT were investigated by comparison 
of these variables between patients with and without VCs in chest CT. 

RESULTS
VCs were observed in 18 out of 102 patients (18%) with typical parenchymal involvement for 
COVID-19. There was no significant difference in terms of age and sex. We found an irregularity 
in the wall of the vascular structures in the distal branches and decreased lumen caliber  of the 
vessels related to ground-glass opacities in 15 patients, concentric luminal narrowing in annular 
form in 4 patients, angulation/traction or springiness in the vascular structures towards the ac-
tive lesions in 3 patients, and interruptions along the vascular course in 1 patient. VCs were sig-
nificantly correlated with fever (12/18, 66.7%) and shortness of breath (7/18, 39%). These chang-
es were significantly more remarkable in common disease involving both upper and lower lobes 
(10/18, 56%). In these cases, there was a substantial increase in CRP (15/18, 83%; mean, 5.7±6.3 
mg/dL) and LDH (8/18, 44%) values compared to those who did not have any VCs. 

CONCLUSION
The results of this study suggest that specific VCs observed in chest CT may predict the disease 
severity in cases of COVID-19 pneumonia. These changes may be related to respiratory distress 
in the disease.
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Radiological imaging methods, espe-
cially CT examination, have been widely 
used in the diagnosis of the disease since 
real-time RT-PCR is not widely available 
and the results may take a couple of days. 
Although it is not a screening tool, chest CT 
could provide valuable diagnostic informa-
tion as stated by international radiological 
associations (4–7). Accordingly, it has also 
been shown that chest CT may predict the 
prognosis of the disease and guide clini-
cians for the best treatment strategy (6, 8).

Chest CT findings of the disease have 
been clearly classified as typical and atyp-
ical (3, 6). Bilateral or multilobar periph-
eral-subpleural and basal distribution of 
ground-glass opacities (GGOs) is the most 
common and typical finding for the disease 
(9–14). Apart from this, during the defined 
temporal evolution process of the disease, 
cobblestone pattern accompanied by in-
terlobular septal thickening, consolidation 
areas, and fibrotic bands are also frequent 
findings with similar distribution (3, 15). 
There are some other chest CT findings 
specific to the disease such as vascular en-
largement which is suggested to be due 
to the vasodilator effect of inflammatory 
cytokines at the level of active lesions, the 
air bubble sign (vacuolar sign) in the lesion 
during the healing process, GGOs surround-
ing central consolidated area (halo sign), 
and the reverse finding with consolidation 
surrounding the central GGO (reverse ha-
lo-atoll sign) (16, 17). Bronchial changes, 
such as bronchiectasis or deformation, have 
also been reported (3).

Pleural thickening-pleural effusion, cav-
itation-pneumothorax, mediastinal lymph 
nodes are considered as atypical findings 
that we rarely see and usually manifest as 
late-stage or complication findings (e.g., 
due to secondary infection, heart failure) 

during the disease course. It is anticipated 
that the prognosis would be worse in pa-
tients who developed these findings at the 
beginning of the admission or during the 
course of the disease (3).

Our aim in this study is, in addition to 
presenting typical findings described for 
COVID-19 infection, to identify disease-spe-
cific VCs that have been not mentioned in 
the literature until now, and demonstrate 
radiological imaging features helpful for 
differential diagnosis. In addition, we aimed 
to evaluate the relationship between the 
VCs and disease symptoms, comorbidities, 
and laboratory findings, and examine the 
clinical-radiological correlation.

Methods
Study population

Local institutional review board approval 
was obtained for this study (2020-05/28), 
and informed consent forms was obtained 
prior to CT acquisition. A total of 102 pa-
tients who underwent chest CT between 
11 March and 11 April and received subse-
quent treatment for COVID-19 in our hos-
pital were included in this study. Diagnosis 
of COVID-19 was based on relevant clinical 
findings, chest CT images, and were con-
firmed with real-time RT-PCR test. Patients 
were classified into two groups based on 
their findings of VCs in chest CT. 

Clinical and laboratory findings
Chart review for following information 

was performed and data were recorded: 
presence of high fever (over 37.5°C), cough, 
shortness of breath (PaO2 <%93 or respira-
tory rate >20), comorbidities (diabetes, hy-
pertension, asthma) and smoking history. 
Disease-specific laboratory values includ-
ing lymphocyte count, neutrophil/lympho-
cyte ratio (NLR), C-reactive protein (CRP), 
D-dimer, lactate dehydrogenase (LDH), fer-
ritin, procalcitonin were also included.

CT examination
All CT scans were performed with Siemens 

Somatom Sensation-SyngoCT 2009 device 
using a low-dose CT protocol. Patients were 
scanned in supine position during deep in-
spiration. The acquisition parameters were 
standardized as: tube voltage, 140 kV; tube 
current, 40 mA; pitch, 1.4; field of view (FOV), 
455 mm; slice thickness, 64×0.6 mm. Ob-
tained images were converted into 1 mm 
thin reconstructions in lung parenchymal  
window to evaluate the vascular signs, by 

multi-plane remodeling in axial, coronal, 
and sagittal planes with B70 kernel limited 
to lung FOV. Maximum intensity projection 
(MIP) 8 mm images were also created in cor-
onal, sagittal, and axial plans by post-pro-
cessing procedures and sent to the PACS.  
Rules of isolation and disinfection during 
and after the scanning were strictly adhered. 
Mask and other personal protective equip-
ment were mandatory for technicians, pa-
tients, and cleaning staff.

Image analysis
All images were evaluated separately by 

two radiologists with 20 years (D.Y.) and 10 
years (N.E.) of experience in chest CT in the 
first evaluation. The findings were evaluat-
ed together in the secondary evaluation 
and discrepancies were resolved by consen-
sus. Findings that are typical and atypical 
for the disease were classified according to 
the criteria of “A rapid advice guideline for 
the diagnosis and treatment of 2019 novel 
coronavirus infected pneumonia (standard 
version)” (3). Basal-peripheral distribution 
of GGOs, GGO and consolidation combi-
nation, interlobular septal thickening, cra-
zy-paving pattern, subpleural lines, halo 
sign, reverse halo sign, vacuolar sign, vascu-
lar enlargement, and bronchial deformation 
were evaluated as typical findings; while, 
tree-in-bud view, lobar consolidation-bron-
chopneumonia, mediastinal lymphadenop-
athy, and pleural effusion-thickening were 
evaluated as atypical findings.

Radiologically typical-atypical presenta-
tions were evaluated according to the cri-
teria of the Radiological Society of North 
America (RSNA) Expert Consensus State-
ment on Reporting Chest CT Findings Relat-
ed to COVID-19, as of April 2020 (18).

Infiltration patterns were mainly in the 
form of GGO, crazy-paving pattern, consol-
idation. Their distributions were classified 
as peripheral (distal 1/3 of lung parenchy-
ma), central, and diffuse. Location of lobar 
involvement, largest lesion diameter, and 
percentage of affected total lung paren-
chyma (scored as 1, <25%; 2, 25%–50%; 3, 
50%–75%; 4, >75%) were reviewed.

Vascular changes criteria
The inclusion criteria for the vascular 

changes was infiltration in the form of GGO 
or in a crazy-paving pattern in COVID-19 
patients.

The criteria for exclusion were cases 
over 65 years of age (since age-related 
vascular changes will be expected in el-

Main points

• CT has a high sensitivity and specificity in the 
diagnosis of COVID-19 pneumonia.

• Chest CT imaging features have predictive val-
ue for the prognosis of the disease.

• Chest CT imaging features can manifest with 
typical and atypical findings.

• Vascular changes may also be observed during 
the early course of the disease, as well as bron-
chial and parenchymal involvement.

• Vascular changes may be an indicator of respi-
ratory distress caused by the illness.
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derly patients), patients who have re-
ceived radiotherapy before (because it 
causes pulmonary structural changes and 
fibrosis affecting vessels), infiltration pat-
tern in the form of consolidation (since 
vascular structures cannot be visualized 
in consolidation areas with non-contrast 
CT), bronchiectasia (chronic bronchiecta-
sis changes will be accompanied by vascu-
lar changes), and coexisting background 
parenchymal lung disease such as chronic 
obstructive pulmonary disease (COPD), 
emphysema (likewise, as the vascular bed 
is affected in chronic parenchymal lung 
diseases).

Vascular thinning or “vasospasm” was 
used to define 20% reduction of the ves-
sel diameter at the level of infiltration area 
compared to the distal segment of the 
vessel, or if vascular branches cannot be 
observed in a bronchial bundle in its distal 
course. A 30-degree shift of vessel course 

from its normal straight course was consid-
ered as angulation. Vascular knuckle was 
used to define an annular segmental con-
centric narrowing of the vessel; vascular 
irregularity, for irregular course at the level 
of infiltration or if there is an irregularity in 
the vessel wall; bronchovascular changes, 
for changes such as ectasia-deformation 
(Fig. 1). All these changes were evaluated 
on multiplanar images to prevent overdi-
agnosis.

Statistical analysis
NCSS (Number Cruncher Statistical Sys-

tem) 2007 software was used for statistical 
analysis. Mann Whitney U test was used for 
continuous variables. Pearson chi-square 
test, Fisher’s exact test, and Fisher Freeman 
Halton tests were used for categorical data. 
p <0.05 was considered significant. Interob-
server reliability of evaluation of the vascu-
lar changes was analyzed.

Results
Of the 102 patients included in the study, 

72% (n=73) were male, and 28% (n=29) 
were female. The age range was 19–94 
years, with a mean and standard deviation 
of 48.62±14.42 years.

Evaluation of vascular enlargement and 
bronchial deformation findings on CT re-
vealed VCs such as tortuosity, deformation, 
irregularity, and angulation in 18 cases 
(18%) with a typical and diffuse infiltration 
pattern, in or near the affected area. In-
terobserver agreement was high as ex-
pressed by a kappa value of 0.9.

The age and sex distributions of these 
cases did not differ with regard to the pres-
ence of VCs (p > 0.05). Clinical presentations 
and laboratory data of the cases with and 
without VCs identified on chest CT dif-
fered significantly. Incidence of shortness 
of breath (PaO2 <93% or respiratory rate 
>20) was significantly higher in patients 
with VCs compared to patients without VCs 
(p  =  0.039). Presence of fever was remark-
ably more frequent in cases with VCs than 
those without, although the difference was 
not statistically significant (p  =  0.053). No 
correlation was found between cough and 
VCs (p > 0.05) (Table 1).

Based on the presence of VCs, the in-
cidence of diabetes, hypertension, and 
asthma did not differ statistically (p > 0.05). 
However, smoking rate was significantly 
higher in cases with VCs (p = 0.044). The risk 
of VCs in smoking patients was higher with 
an odds ratio of 3.5 (95% CI, 1.138–10.764) 
(Table 2). The association of vascular chang-
es with emphysema or COPD was not eval-
uated in these patients, since chronic lung 
diseases that may be related to vascular 
damage constituted an exclusion criterion 
in this study. 

Presence of VCs did not show statistical-
ly significant correlation with lymphocyte 
count, NLR, ferritin, D-dimer, and procalci-
tonin levels. However, CRP (p = 0.008) and LDH 
(p = 0.011) values were significantly higher in 
cases with VCs than those without (Table 3). 
The average CRP value in cases with VCs was 
quite high, with a mean level of 5.7±6.3 mg/L.

All of the cases with VCs showed the 
typical pneumonic infiltration pattern of 
COVID-19. A positive correlation was found 
between the diameter of the lesions (larg-
er than 5 cm) and VCs (p = 0.01). The pres-
ence of diffuse lesions centrally in addition 
to peripheral location correlated with VCs 
(p = 0.04). The risk of VC in right middle lobe 

Figure 1. Schematic representation of vascular changes: a, invisible vessel- vascular thinning; b, 
vascular angulation-traction; c, vascular wall irregularity; d, bronchovascular ectasia; e, vascular 
enlargement; f, vascular knuckle-annular contraction.

Table 1. The relationship between vascular changes and symptoms 

Vascular changes, n (%)

Positive Negative p

Fever 12 (66.7) 35 (41.7) 0.053a

Shortness of breath 7 (38.9) 12 (14.3) 0.039b

Cough 16 (88.9) 56 (66.7) 0.060a

aPearson chi-square test; bFisher’s exact test.
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infiltrations was higher than in infiltrations 
elsewhere (P = 0.017). Presence of VCs was 
correlated with larger number of affected 

lobes (> 2 lobes affected, P  =  0.005) and 
larger area of lung parenchyma affected 
(>50%, P = 0.029) (Table 4). 

Of the patients with VCs, 55% (10/18) 
were hospitalized; the average hospitaliza-
tion duration was 7 days (range, 1–15 days) 
and one patient required intensive care for 
15 days. In the patient group without VCs, 
hospitalization rate was 28%; the average 
hospitalization duration was 5 days (3–13 
days) and 4 patients required intensive care 
(4/84, 5%) for an avarage of 10 days (2–35 
days). The hospitalization rate, length of 
hospital stay, and need for intensive care 
was significantly higher in the group with 
VCs than those without.

None of the patients with VCs had a 
chest CT image taken in our clinic before 
COVID-19 pneumonia. There was no fol-
low-up CT taken after the disease except 
for two patients. In these patients, paren-
chymal findings related to COVID-19 mostly 
regressed at follow-up CT. Vascular changes 
such as irregularity and thinning that we 
saw in the ground-glass opacities also com-
pletely regressed in the follow-up CT.

Apart from these, typical CT findings for 
COVID-19 included halo sign 14% (n=14), 
reverse halo sign 9% (n=9), vascular en-
largement 10% (n=10), bronchial changes 
3% (n=3), and vacuolar sign 2% (n=2).

In interobserver reliability analysis, VC 
evaluation was highly reproducible (kappa 
value, 0.89). All VCs described in the study 
are schematized in Fig. 1. Normal vascular 
structures in the infiltration areas with GGO 
are seen in Fig. 2.

Fig. 3 shows dimmed and thinned vascu-
lar structures possibly due to the vasocon-
strictor effects of cytokines. Fig. 4 shows 
that vascular structures narrowed concen-
trically in annular formation. This may be 
secondary to vasoconstriction, and focal 

Figure 2. In the typical infiltration pattern for 
COVID-19, vascular structures can be identified 
distally among GGOs with peripheral subpleural-
basal distribution in bilateral lower lobes.

Table 2. The relationship between vascular changes and comorbid diseases 

Vascular changes, n (%)

Positive Negative p a

Diabetes 3 (16.7) 9 (10.7) 0.440

Hypertension 4 (22.2) 16 (19.0) 0.749

Asthma 1 (5.6) 3 (3.6) 0.546

Smoking 7 (41.2) 14 (16.7) 0.044

Other diseases 1 (5.6) 3 (3.6) 0.546
aFisher’s exact test.

Table 3. The relationship between vascular changes and laboratory findings 

Vascular changes, n (%)

Positive Negative p

Low lymphocyte count (<1300) 9 (50.0) 22 (41.5) 0.530a

NLR >3 8 (47.1) 18 (34.0) 0.331a

CRP Normal 1 (5.9) 20 (40.8) 0.008

High 16 (94.1) 29 (59.2)

D-dimer Normal 3 (30.0) 2 (12.5) 0.340b

High 7 (70.0) 14 (87.5)

LDH Normal 9 (50.0) 69 (82.1) 0.011b

High 9 (50.0) 15 (17.9)

Ferritin Normal 0 (0.0) 5 (26.3) 0.128b

High 12 (100.0) 14 (73.7)

Procalcitonin Normal 4 (40.0) 5 (26.3) 0.675b

High 6 (60.0) 14 (73.7)

NLR, neutrophil lymphocyte ratio; CRP, C-reactive protein; LDH, lactate dehydrogenase.
aPearson chi-square test; bFisher’s exact test. 

Table 4. The relationship between vascular changes and lung involvement pattern/distribution 

Vascular changes, n (%)

Positive Negative p

GGO 18 (100.0) 79 (94.0) 0.583a

Crazy-paving pattern 11 (61.1) 21 (25.0) 0.003b

Consolidation 6 (33.3) 23 (27.4) 0.611b

Right upper lobe 14 (77.8) 43 (54.4) 0.110a

Left upper lobe 14 (77.8) 39 (49.4) 0.029b

Right middle lobe 10 (55.6) 21 (26.6) 0.017b

Right lower lobe 17 (94.4) 63 (79.7) 0.183a

Left lower lobe 16 (88.9) 62 (78.5) 0.512a

Distribution Peripheral 3 (16.7) 39 (49.4) 0.004b

Central 0 (0.0) 8 (10.1) 0.004b

Mixed 15 (83.3) 32 (40.5)

GGO, ground-glass opacity.
aFisher’s exact test; bPearson chi-square test.
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thrombosis caused by local inflammatory 
cytokines. Fig. 5 shows thinning, fading, 
and irregularity of the vascular structures in 
or adjacent to the active lesion.

In Fig. 6, the vascular structures are seen 
spreading towards the active GGO lesion; 
there is slight vascular angulation and irreg-
ularity in the crazy-paving pattern, which 

we see as a mid-stage finding, and a sharp 
vascular angulation by the fibrotic process 
within the more dense lesion at the stage of 
possible chronic inflammation. Fig. 7 shows 
the pulmonary vascular structures that we 
define as a vascular interruption, whose con-
tinuity cannot be selected as segmental. Fig. 
8a shows a case that was excluded from the 

study because of tubular bronchiectatic lung 
disease; we see the VCs similarly in the form of 
constrictions-dilatations which we consider 
as resorption stage of the disease with resid-
ual lung parenchymal findings such as fibrous 
bands and faint GGOs. In Fig. 8b, although it is 
not very clear, we see vascular narrowing-dil-
atations accompanied by COVID-19-related 

Figure 3. a–c. Images (a–c) show invisible vessels. Notice the faded-thinned or non-visualized vascular structures in the center of the active GGO lesions. 
These appear normal in the normal lung parenchyma after the lesion.

a b c

Figure 4. a–c. Images (a, b) show concentric narrowing in vascular structures within an active GGO. Image (c) shows concentric luminal narrowing and 
subsequent wall irregularity in the vascular structures remaining more proximally in a patient with residual infiltrative lesions in the posterobasal area.

a b c

Figure 5. a–c. Images (a–c) show thinning, fading, irregularity of the vascular structures in or adjacent to an active lesion.

a b c
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mild bronchial changes in the lesion with ac-
tive GGO in the right lower lobe.

Vascular structures cannot be clearly se-
lected within the crazy-paving pattern (Fig. 
9a, 9b); similarly, vascular structures within 
the consolidations cannot be evaluated 
without contrast (Fig. 9c).

Discussion
SARS-CoV-2 affected the world in a short 

period of 5 months, causing a pandemic. 

It is well known that the virus primarily af-
fects the respiratory tract and, radiological 
findings have a high diagnostic value as 
well as a prognostic value (3, 19). The lung 
damage caused by the virus is reflected in 
the radiological imaging findings which has 
been described in detail in the literature 
studies and guidelines so far (3, 6–10, 20, 
21). Advanced age, male sex, and comor-
bid diseases are poor prognostic factors for 
COVID-19 (3, 21). In addition, patients who 

show extensive infiltration of atypical imag-
ing findings in the form of consolidation at 
the time of first hospital admission are more 
likely to show progression and require hos-
pitalization or intensive care.

As known, inflammation is a defense 
mechanism initiated against microbial or 
cytotoxic agents. With the influence of 
pro-inflammatory cytokines such as in-
terleukin-1, tumor necrosis factor-α, nitric 
oxide, and prostaglandins dominating the 
early inflammatory process, vascular per-
meability increases secondary to vasodi-
lation, and edema-exudate occurs in the 
intercellular space (22). With mediators 
activated by endothelial damage caused 
by the inflammatory reaction, reflex vaso-
constriction occurs, and the coagulation 
cascade begins. As stated by Marini et al. 
(23), the ventilation-perfusion balance is 
disturbed by endothelial damage effect 
of inflammation and edema formed at the 
alveolar level and interalveolar space; this 
affects blood-oxygenation, creates hypox-
ia and activates mediators such as protein 
kinase C, which triggers pulmonary arterial 
vasoconstriction with a lung-specific mech-
anism (23). If this condition becomes severe 
or permanent, acute respiratory distress 

Figure 8. a, b. Bronchovascular changes: (a), changes in vascular structures in a patient with chronic 
bronchiectasis; (b), mild bronchovascular ectasic changes in a patient with disease-related active 
GGO lesion.

a b

Figure 6. a–c. Images (a–c) show springiness-angulation-traction in the vascular structures in infiltrative lesions in the form of GGOs, crazy-paving, and 
consolidation at different stages of the disease.

a b c

Figure 7. a–c. Serial images (a–c) of vascular interruption: segmental disruption in vascular continuity (circle), invisible vessel (arrow). 

a b c
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syndrome (ARDS), pulmonary hyperten-
sion, and heart failure may develop clinical-
ly (23–25). 

The inflammatory reaction initiated by 
the virus, damaging the distal airways, es-
pecially at the alveolar level by these cyto-
kines differs from person to person, varying 
by age, sex, duration of the inflammatory 
process, and the balance of pro-inflamma-
tory/anti-inflammatory response (26, 27). 
Edema-exudate secondary to the inflam-
matory cascade appears as GGO, where the 
background parenchymal structures and 
vascular formations can be visualized ra-
diologically (28) (Fig. 2). Vascular dilatation, 
which also occurs through the same media-
tors, may be visualized as vascular enlarge-
ment, and a typical finding for the disease 
on CT is the starting point of all these VCs. 
Although the most known and prominent 
vascular change specific to the disease is 
vascular enlargement, it should be kept in 
mind that vasoconstriction may be seen 
concurrently due to anti-inflammatory cy-
tokines and thrombotic mediators, result-
ing in irregularity of vessel wall, decreased 
caliber or interruption of the vessel course 
(23, 29).

A large part of the VCs that we described 
could be explained with the physiological 
processes mentioned above, in the acute 
inflammation phase during the early dis-
ease period in the form of active GGO with-
in the infiltration areas or adjacent tissue. 
Based on the results we obtained in this 
study, we think that as the prevalence of 
GGO and the area of the affected lung pa-
renchyma increases, the possibility of these 
VCs will increase. In some of these active 
lesions, vascular structures may become 

dimmed, possibly due to the vasoconstric-
tor effects of cytokines (Fig. 3). Even seldom, 
this vasospasm can be so evident that vas-
cular structures within the lesion are never 
visualized and reappear at the normal pa-
renchyma level. 

As supported by the physiological in-
flammatory processes, we consider that 
the traction/angulation finding in vascular 
structures mediated by the fibrotic medi-
ators dominating the infiltration region 
within the subacute-chronic inflammatory 
process seen in second or third weeks, are 
corresponding to the subacute and late 
stages of disease process. In other words, 
we think that visual findings on CT in the 
temporal evolution of COVID-19 and the 
physiological stages of inflammation are 
correlated. Findings such as traction bron-
chiectasis, bronchial deformation-contrac-
tion, which occur when fibrotic changes 
affect the bronchi in severe and prolonged 
inflammation, are reported as typical for 
the disease. In this context, considering 
their histological structures, we estimate 
that pulmonary arterial and especially 
pulmonary venous structures with thin-
ner muscular layers will be more sensitive 
to these locally and systemically effective 
mediator-mediated changes than bronchi, 
and VCs may be seen more frequently than 
bronchial changes (30).

These findings described above, were 
not uncommon, especially when examined 
carefully in thin-section multiplanar imag-
ing, and were identified in 18/102 (18%) 
cases. This was at a much higher rate than 
the findings considered typical for the dis-
ease such as bronchial deformation, vacu-
olar sign, and reverse halo sign. Therefore, 

while evaluating CT examinations, VCs, 
which we can consider as typical for the dis-
ease, should be searched among the other 
findings (Figs. 3–8).

We could not find VCs in the infiltration 
areas with a crazy-paving pattern or con-
solidation, which we often encounter as an 
intermediate-late stage disease image on 
CT (Fig. 9). The reason for this may be that 
there are no obvious visible VCs in the late 
period of the disease, which corresponds to 
a pro-anti-inflammatory balance. Also, as 
these patterns are denser than GGO, they 
may hide the existing VCs. Although this 
situation is a limitation for the vascular sign, 
existing bronchial changes will help us at 
this stage (31). According to our results, if a 
bronchial deformation is seen, we can say 
that VCs have also developed (32–35).

In our study, we also evaluated the cor-
relation of these identified changes with 
disease-specific clinical, laboratory, and 
radiological findings. We have shown that 
these changes are statistically significant-
ly more frequent in smokers. The reason 
for this may be that endothelial damage 
caused by smoking is triggered by active in-
flammatory processes and causes vascular 
damage. We also statistically showed that 
CRP value, which demonstrates the severity 
of inflammation, is related to VCs. Again, we 
found a positive correlation between fever, 
which is a response of the body to this in-
flammatory reaction, and VCs. We found 
that the VCs are more extensive involving 
not only the peripheral lung parenchyma 
but also centrally, affecting the upper lobes 
and infiltrating more than 50% of the lung 
parenchyma. The statistical findings sup-
port the argument that the defined VCs are 

Figure 9. a–c. In images (a, b), vascular changes cannot be clearly visualized in intermediate stage cases with crazy-paving pattern. As shown in image 
(c), vascular structures cannot be clearly distinguished in the consolidation areas, but accompanying vascular changes may be predicted when there are 
bronchial structural changes that can be distinguished as air bronchograms in a consolidation.

a b c
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formed under the influence of inflammato-
ry mediators. As the extent of the disease 
increases, the immune reaction and re-
leased mediators will also increase and will 
predispose to the development of VCs.

Although it has been the subject of many 
studies, permanent or advanced parenchy-
mal findings of COVID-19 disease have not 
been clarified yet. Perhaps, within the new 
indications that may occur over time, per-
manent damage and changes in vascular 
structures can be evaluated more clearly if 
chest CT scans are taken with contrast. Our 
results suggest that the disruption of the 
pulmonary vascular bed, ventilation-per-
fusion mismatch, and blood-oxygenation 
imbalance caused by these VCs could be re-
lated to the respiratory distress that is faced 
mostly in the acute period of the disease 
in severe cases. Shortness of breath, which 
is a common clinical finding in COVID-19 
pneumonia, was correlated with the VCs in 
our study. In this context, there is a need for 
clinical studies that reveal the relationship 
of the respiratory stress, ARDS, and heart 
failure with VCs. Clinical and radiological 
studies that reveal the importance of VCs 
in predicting the prognosis and progres-
sion of the disease may pave the way for 
more effective management strategies, and 
perhaps the use of vascular drugs may be 
considered in the symptomatic treatment 
of the disease. 

The major limitation of this study is the 
lack of intravenous contrast, which limits 
the assessment of vascular structures. On 
the other hand, we did not have image 
quality issues on evaluating these vascular 
structures with the help of iterative recon-
structions and thin-section multiplanar re-
constructions that we routinely use in our 
center to improve low-dose CT image qual-
ity. Contrast injection would make it easier 
to determine and evaluate VCs. However, 
using the contrast adds a potential risk to 
an already complicated disease course.

In conclusion, our findings reveal a re-
lation between the extent of the disease, 
immune reaction, and the presence of vas-
cular signs indicating that there is involve-
ment of the vascular system in COVID-19 
pneumonia. In addition to the typical find-
ings, disease-related VCs should be consid-
ered in the evaluation of chest CT examina-
tions taken for COVID-19. 
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