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Frequency of Congenital Aortic Arch Anomaly in COVID-19 Patients
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INTRODUCTION
COVID-19 is a highly contagious disease caused by the severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), which 
is an infective strain. This virus is in the RNA genome structure, 
and it has been causing a pandemic all over the world since 
December 2019 and can cause a wide range of symptoms from 
mild to moderate signs such as dry cough, fever, and myalgia 
to severe clinical signs such as acute respiratory distress syn-
drome (ARDS)1. In addition, it is found that it also causes seri-
ous symptoms on the brain, heart, and liver2. As of November 
2021, there have been 247 million cases and 5 million death 
reports worldwide (https://covid19.who.int/).

The following diseases are included in the content defini-
tion of chronic risk groups for COVID-193,4:

• Advanced age (>65 years)
• Receiving immunosuppressive therapy (e.g., HIV, long-

term steroid therapy )
• Metastatic cancer patients or receiving chemotherapy/

radiotherapy
• Those with solid organ transplants, excluding cornea 

transplant
• Patients with bone marrow/stem cell transplantation
• Those with lung diseases such as chronic obstructive 

pulmonary disease (COPD), lung cancer, cystic fibrosis, 

pulmonary fibrosis, and moderate-to-severe asthma 
patients

• Insulin-dependent diabetes and its complications (i.e., 
cerebrovascular, coronary, renal, and polyneuropathy)

• Patients with non-insulin-dependent diabetes mellitus
• Patients with complicated hypertension (i.e., cerebro-

vascular, renal, and congestive heart failure)
• Cardiac patients with cardiomyopathy, pulmonary 

hypertension, congenital heart diseases, heart failure, 
and coronary artery disease

• Patients with chronic liver disease or chronic renal failure
• Patients with cerebrovascular disease (e.g., stroke and 

bleeding)
• Patients with blood cell disease (e.g., sickle cell anemia 

and thalassemia patients)
• Down’s syndrome

Thoracic vascular anomalies
Congenital thoracic vascular anomalies consist of a large 
group, which includes the thoracic aorta and its branches, 
pulmonary arteries, thoracic systemic veins, and pulmonary 
veins5. These anomalies can be either accompanied by con-
genital heart diseases or seen alone. These anomalies can be 
completely asymptomatic or they can create esophageal, take 
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SUMMARY
OBJECTIVE: The aim of this study was to investigate the frequency of aortic arch anomaly in COVID-19 patients and to determine whether it will 

be included in the risk classification.

METHODS: The study was retrospectively conducted in a third-level hospital by scanning the contrast-enhanced thoracic computed tomography and 

thoracic computed tomography angiography examinations of patients who received PCR (+), hospitalization, and known COVID pneumonia between 

March 2020 and July 2021. The study consists of 88 cases and 88 control groups.

RESULTS: The study found that the frequency of aortic arch anomaly was higher in patients with COVID-19 pneumonia and in male patients with 

bovine-type anomaly.

CONCLUSIONS: The higher prevalence of bovine arch anomaly in COVID patients may be considered a risk factor for COVID-19 in individuals 

with this type of vascular anomaly.
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pressure effect, and create clinics that may be related to car-
diovascular, respiratory, and nutrition6.

No identification of the COVID-19 disease risk group has 
been made for congenital vascular anomalies and variations. 
In our study, the types and frequency of vascular anomalies of 
the arcus aorta in COVID-19 patients were investigated and 
predictions were made for the risk group.

Anomaly of the aortic arch and its variants
This group includes the left aortic arch, the right aortic arch, 
the double aortic arch, and the large vessel branching patterns7. 
The left aortic arch continues as the descending aorta, which 
crosses the left main bronchus at the level of the T5 vertebral 
corpus and descends to the left of the midline. Its incidence is 
found to be between 70 and 80%7. Among the large vessel anom-
alies branching from the left aortic arch, the most common is 
the bovine type of arcus anomaly. The frequency of bovine-type 
arch anomalies in the general population varies between 9 and 
13%. An anomaly of the left vertebral artery of the aortic arch 
origin is observed in 5–6% of the population. Another frequent 
anomaly is the aberrant right subclavian artery anomaly with the 
left aortic arch, which is observed in 0.5–2% of the population7.

Imaging methods have a very important place in the detec-
tion of these anomalies and in the preoperative evaluation8. 
Due to the advancement of technology, contrast-enhanced 
computed tomography (CT)/CT angiography and non-con-
trast-enhanced magnetic resonance imaging (MRI) examina-
tions are now primarily selected from noninvasive methods. 
With these examinations, more detailed and three-dimensional 
images can be obtained8.

Limitations
The study group may not fully reflect the general population due 
to the fact that there are inpatients diagnosed with COVID-19 
and the contrast-enhanced thoracic CT and thoracic CT angi-
ography examinations performed as an examination.

METHODS
This study was conducted in a third-line hospital, retrospectively, 
between March 2020 and July 2021, among 88 patients aged 
18–90 years, who received PCR (+), inpatient treatment, and 
with known COVID pneumonia, and randomly selected 88 
patients without a diagnosis of COVID-19 as control group. 
Ethics committee approval of the study was obtained with pro-
tocol number GOKA/2021/11/8. In the study, contrast-en-
hanced thoracic CT and thoracic CT angiography examinations 
were examined in both the patient and control groups. After 

contrast-enhanced thoracic CT examinations, contrast media, 
5 mm thick sections were taken, and after 2.5 mm reconstruc-
tions, images were obtained in the lung parenchyma and medi-
astinal Windows. Thoracic CT angiography examinations were 
taken for thoracic structures after injection of contrast medium 
together with the test bolus, and images were obtained with 
5 mm thick sections and 1 mm reconstructions.

Statistical analysis
SPSS version 21.0 package program was used for statistical 
analysis. Descriptive statistics are expressed as mean±standard 
deviation for continuous data and number and percentage dis-
tributions (%) for frequency data. The Shapiro-Wilk test was 
used to evaluate whether the data met the parametric condi-
tions. Chi-square test was used in the comparison of categorical 
variables. Student’s t-test for pairwise comparisons of indepen-
dent groups and one-way analysis of variance (ANOVA) for 
comparisons of more than two groups were used to determine 
the difference between groups. In the evaluations, p<0.05 was 
accepted as the statistical significance level for all tests.

RESULTS
The study consists of a total of 176 patients, including 88 cases 
and 88 control groups. The mean age of the case group was 61, 
the mean age of the control group was 59, and the demographic 
(e.g., age and gender) data of the study are given in Table 1. 

The frequency of vascular anomalies was found to be 34% 
(30) in the case group. Of these, 27 (31%) bovine arcus aortic 
anomalies and 3 (3%) other classified as vascular anomalies (2 
left vertebral artery anomalies of aortic origin, 1 right aberrant 
subclavian artery anomaly) were detected. In the case group, 58 
(66%) patients without vascular anomalies were found (Table 2). 

The frequency of vascular anomalies in the control group 
was 21% (19). Of these, 17 (19%) bovine-type aortic arch 
anomalies and 2 (2%) classified as other types (2 left verte-
bral artery anomalies originating from the aorta) were found 
(Table 2). Although the frequency of vascular anomalies was 
higher in the case group, no statistically significant difference 
was observed (p>0.05). 

Table 1. Demographic data.

Case group Control group

Average age Count Average age Count

Male 60±14 60 58±13 52

Female 65±15 28 60±12 36

Total 88 88
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When the vascular anomaly types and gender were com-
pared in the case group, the incidence of bovine-type anoma-
lies was found to be 81% (22) in men and 19% (5) in women, 
showing male dominance to be statistically significant (p=0.02). 
In the classification as other type, all three cases were found to 
be male gender (Table 3).

When the vascular anomaly types and gender were com-
pared in the control group, the frequency of bovine-type anom-
aly was 60% (10) in men and 40% (7) in women. In the clas-
sification made as other type, all two cases were found to be 
female and no statistically significant difference was observed 
between the genders (p>0.05) (Table 3).

In the case group, the average age of those with vascular 
anomalies was 64±14, and in control group it was 60±15, which 
is more advanced, but not statistically significant (p>0.05).

DISCUSSION
It is known that since the COVID-19 disease has been identi-
fied, patients with various risk factors are more likely to develop 
this disease and have a predisposing effect for COVID-19 
pneumonia3,4. 

According to the VASCERN (European reference network 
for rare vascular diseases) vascular anomaly study group, there is 
no consensus on the risk of COVID-19 disease for people with 
vascular abnormalities; however, it has been stated that vascu-
lar anomalies that cause the heart, lungs, kidney, and liver to be 
affected may pose a high risk. For this reason, the occurrence of 
severe and severe effects of COVID-19 in people with complicated 
vascular anomalies caused by cardiac and lung diseases has been 
considered a high risk9. Microdeletions were found in 22q11.2 
gene in thoracic midline anomalies, such as thymic hypoplasia, 
DiGeorge syndrome, conotruncal anomalies, truncus arteriosus, 
and tetralogy of Fallot. About 25–35% of thoracic arch anom-
alies have been found to have microdeletions in 22q11.2 gene, 
even without congenital cardiac defect5,7. This shows that there 
are some genetic defects in isolated arch anomalies. Likewise, 
the genetic basis of which has not yet been clarified, but also in 

COVID-19 patients, some mutations are also a factor in catch-
ing the disease and having a severe disease, which makes us think 
that it is effective in its reflection in the clinic.

In our study, the incidence of thoracic arch vascular anoma-
lies is more common in COVID-19 patients, and the incidence 
of bovine type of arcus aortic anomaly is also higher in them 
(31%). According to Hanneman et al. and Priya et al., the normal 
prevalence of the bovine-type arch anomaly varies between 9 and 
20%7,8,10. The higher prevalence of bovine-type arch anomaly in 
COVID patients can be considered a risk factor for COVID-19 
disease in individuals with this type of vascular anomaly. 

The frequency of bovine-type arch anomaly was higher in 
male gender COVID-19 patients. According to Jeffrey et al., 
more arc anomalies were detected in the male sex and are com-
patible with our study5.

In our study, the prevalence and gender distribution of vas-
cular arch anomalies, which were classified into “other” and 
seen less frequently, were similar to the general population7,8.

CONCLUSION
As a result, it can be said that the incidence of thoracic arch 
anomalies is higher in COVID-19 patients. The fact that the 
population can be made with new studies to include larger 
patient groups and that additional imaging tests that do not 
cause radiation exposure, such as echocardiography, can be 
added to provide more objective data.
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Table 2. Vascular anomaly frequency distribution.

Case group Control group

Normal 58 61

Bovine-type archus anomaly 27 17

Anomaly of the left vertebral 
artery of aortic origin

2 2

Anomaly of the right aberrant 
subclavian artery

1 0

Table 3. Frequency distribution of vascular anomalies by gender.

Case group Control group

Male Female Male Female

Bovine-type archus anomaly 22 19 10 7

Anomaly of the left vertebral 
artery of aortic origin

2 0 0 2

Anomaly of the right 
aberrant subclavian artery

1 0 0 0



Aortic arch anomalies in COVID-19

416

Rev Assoc Med Bras 2022;68(3):413-416

REFERENCES
1. Martínez Chamorro E, Díez Tascón A, Ibáñez Sanz L, Ossaba 

Vélez S, Borruel Nacenta S. Radiologic diagnosis of patients with 
COVID-19. Radiologia (Engl Ed). 2021;63(1):56-73. https://doi.
org/10.1016/j.rx.2020.11.001

2. Brosnahan SB, Jonkman AH, Kugler MC, Munger JS, Kaufman DA. 
COVID-19 and Respiratory System Disorders: Current Knowledge, 
Future Clinical and Translational Research Questions. Arterioscler 
Thromb Vasc Biol. 2020;40(11):2586-97. https://doi.org/10.1161/
ATVBAHA.120.314515

3. Kompaniyets L, Pennington AF, Goodman AB, Rosenblum HG, 
Belay B, Ko JY, et al. Underlying medical conditions and severe 
illness among 540,667 adults hospitalized with COVID-19, March 
2020-March 2021. Prev Chronic Dis. 2021;18:E66. https://doi.
org/10.5888/pcd18.210123

4. Pruthi S. COVID-19: who’s at higher risk of serious symptoms? 
Available from: https://www.mayoclinic.org/diseases-
conditions/coronavirus/in-depth/coronavirus-who-is-at-risk/
art-20483301?p=1.

5. Hellinger JC, Daubert M, Lee EY, Epelman M. Congenital thoracic 

vascular anomalies: evaluation with state-of-the-art MR imaging 
and MDCT. Radiol Clin North Am. 2011;49(5):969-96. https://
doi.org/10.1016/j.rcl.2011.06.013

6. Maldonado JA, Henry T, Gutiérrez FR. Congenital thoracic vascular 
anomalies. Radiol Clin North Am. 2010;48(1):85-115. https://doi.
org/10.1016/j.rcl.2009.09.004

7. Hanneman K, Newman B, Chan F. Congenital Variants and Anomalies 
of the Aortic Arch. Radiographics. 2017;37(1):32-51. https://doi.
org/10.1148/rg.2017160033

8. Priya S, Thomas R, Nagpal P, Sharma A, Steigner M. Congenital 
anomalies of the aortic arch. Cardiovasc Diagn Ther. 2018;8(Suppl. 
1):S26-44. https://doi.org/10.21037/cdt.2017.10.15

9. Vikkula M, Boon L. Vascern COVID-19 Recommendations. 
Available from: https://vascern.eu/home/vascerns-covid19-
recommendations/.

10. Layton KF, Kallmes DF, Cloft HJ, Lindell EP, Cox VS. Bovine aortic 

arch variant in humans: clarification of a common misnomer. AJNR 
Am J Neuroradiol. 2006;27(7):1541-2. PMID: 16908576

https://doi.org/10.1016/j.rx.2020.11.001
https://doi.org/10.1016/j.rx.2020.11.001
https://doi.org/10.1161/ATVBAHA.120.314515
https://doi.org/10.1161/ATVBAHA.120.314515
https://doi.org/10.5888/pcd18.210123
https://doi.org/10.5888/pcd18.210123
https://www.mayoclinic.org/diseases-conditions/coronavirus/in-depth/coronavirus-who-is-at-risk/art-20483301?p=1
https://www.mayoclinic.org/diseases-conditions/coronavirus/in-depth/coronavirus-who-is-at-risk/art-20483301?p=1
https://www.mayoclinic.org/diseases-conditions/coronavirus/in-depth/coronavirus-who-is-at-risk/art-20483301?p=1
https://doi.org/10.1016/j.rcl.2011.06.013
https://doi.org/10.1016/j.rcl.2011.06.013
https://doi.org/10.1016/j.rcl.2009.09.004
https://doi.org/10.1016/j.rcl.2009.09.004
https://doi.org/10.1148/rg.2017160033
https://doi.org/10.1148/rg.2017160033
https://doi.org/10.21037/cdt.2017.10.15
https://vascern.eu/home/vascerns-covid19-recommendations/
https://vascern.eu/home/vascerns-covid19-recommendations/

