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ABSTRACT:

Background: Bronchial arteries supply blood to the lungs and nearby structures. However, their origin,
numberand course can vary from person to person. These variations are important to know during thoracic
procedures such as bronchial artery embolization. This study was done to examine the anatomical variations and
measurements of bronchial arteries using contrast-enhanced computed tomography (CECT) of the thorax.
Materials and Methods: This was a hospital-based cross-sectional observational study carried out for 18 months
in the Department of Radiology at Geetanjali Medical College and Hospital, Udaipur. A total of 115 patients
between 15 and 90 years of age who underwent CECT thorax were included in the study. The bronchial arteries
were studied for their origin, number, vertebral level of origin, location of the ostium, mediastinal course,
branching pattern and diameter. The collected data were analysed using SPSS software and a p-value of less than
0.05 was considered statistically significant. Results: Among the 115 patients, 63 were males and 52 were females
with a mean age of 49.90 + 18.62 years. Ectopic bronchial arteries were found in 49 patients (42.61%) while 66
patients (57.39%) had normal (orthotopic) arteries. Bronchiectasis showed a significant association with ectopic
bronchial arteries (p = 0.04). Most bronchial arteries originated from the thoracic aorta (68.69%) followed by the
aortic arch (29.56%)while a small number arose from other vessels (1.74%). Most arteries originated between the
T4 and T6 vertebral levelsand the T5-T6 level was the most common. Left bronchial arteries were observed
slightly more often than right bronchial arteries. The average diameter of bronchial arteries was 1.62 + 0.29 mm.
Right bronchial arteries had a larger diameter than left bronchial arteries (p < 0.001) and males had larger
diameters than females (p = 0.013). Left bronchial arteries were mostly located on the left side of the
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oesophaguswhile right bronchial arteries were found on both sides (p = 0.001). Common trunk bronchial arteries
(CTB) were seen in 79 patients and intercostobronchial trunks (IBT) in 82 patientswith IBT having a slightly
larger average diameter. Conclusion: Bronchial arteries show many anatomical variations when seen on CECT
thorax. Understanding these variations, including ectopic arteries and trunk patterns such as CTB and IBT, is
important for correct interpretation of imaging and for safe planning of thoracic procedures, especially bronchial
artery embolization.

INTRODUCTION:

Bronchial arteries are important blood vessels in the chest because they supply blood to the trachea, bronchi, lung
tissue, visceral pleura, lymph nodes and the oesophagus [1]. Normally, they are described as a pair of arteries that
arise from the descending thoracic aorta, usually between the T5 and T6 vertebral levels. However, their anatomy
can vary from person to person in terms of where they originate, how many arteries are present, their course and
their branching pattern [2]. These variations are clinically important because they can affect medical procedures
and surgeries, especially in fields such as interventional radiology, thoracic surgeryand in the treatment of
conditions like hemoptysis[3].

The bronchial circulation is a high-pressure blood supply which is different from the pulmonary circulation that
is a low-pressure system mainly responsible for gas exchange in the lungs. In chronic inflammatory diseases such
as bronchiectasis the normally small bronchial arteries can become dilated and tortuous[4]. If these enlarged
arteries rupture they can cause massive hemoptysis. More than 90% of massive hemoptysis cases arise from the
bronchial arteries rather than the pulmonary arteries because of their higher pressure[5]. Bronchial artery
embolization (BAE) is an important treatment used to control massive hemoptysis where a catheter is used to
block these arteries at their origin from the aorta[3]. However, if doctors miss ectopic or abnormal bronchial artery
origins, it may lead to serious complications during BAE, such as spinal cord infarction, cerebellar strokeor
myocardial ischemia if nearby vessels are accidentally blocked [6].

Even though cross-sectional imaging techniques have improved, the bronchial arterial system is often not
described in detail in routine thoracic computed tomography (CT) reports. This is mainly because these arteries
are very small, follow a tortuous course, and often overlap with other blood vessels in the mediastinum which
make them difficult to identify clearly [4]. Contrast-enhanced computed tomography (CECT) of the thorax is a
commonly available and widely used imaging method that provides a reliable and non-invasive way to visualize
and map bronchial arteries in detail [4,7]. The use of contrast material helps improve the visibility of internal
organs and blood vessels, although it may cause temporary changes in blood pressure in some patients [8].

There is limited population-based data on variations of bronchial arteries especially in different population groups.
Most previous studies have been based on cadaver studies, angiography or small single-centre CT studies.
Differences in race, ethnicity and geography may affect how often these variations occur and the types of
variations seen. Similar differences have already been reported for other arteries such as the aortic arch, coronary
arteries, brachiocephalic artery, celiac trunk and renal arteries using CT angiography [9-13]. Knowing these
anatomical variations is important for doctors, surgeons and radiologists to avoid complications during medical
procedures. Therefore, this study aimed to evaluate the types, frequency and measurements of bronchial artery
variations using standardized CECT thorax in a hospital-based cross-sectional observational study. The goal was
to provide useful population-specific anatomical information that can improve diagnosis, procedural safety and
clinical decision-making in thoracic medicine,especially during procedures like BAE.

MATERIALS AND METHODS:
Study Design: This study was a hospital-based cross-sectional observational study conducted to evaluate the
variation in bronchial arteries on CECT thorax.

Study Duration: The study was carried out over a period of 18 months from September 2022 to January 2024.

Study Area: The study was carried out in the Department of Radiology at Geetanjali Medical College and
Hospital, Udaipur, Rajasthan.

Study Population: The study population comprised patientswho underwent CECT thorax during the study period
at the study centre.
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Inclusion Criteria:
e Patients of both sexes.
e Patients aged between 15 and 90 years undergoing CECT thorax.

Exclusion Criteria:

e Claustrophobic patients.

Patients with a known history of allergy to contrast agents in previous contrast studies.
Pregnant patients.

Patients suspected to have malignancy.

Patients with chronic renal failure.

Sample Size: A total of 115 patients were enrolled during the study period.

Sampling Methodology: A purposive sampling technique was employed, where all eligible patients meeting the
inclusion criteria during the study period were enrolled.

Data Collection and Procedure:

e After obtaining informed consent, patients underwent CECT thorax using the Revolution Frontier CT
scanner.

e Standard contrast-enhanced scanning protocols were followed.

e All bronchial arteries were systematically evaluated based on their origin, branching pattern, ostium location,
vertebral level of origin, lumen diameterand mediastinal trajectory in relation to the oesophagus and the main
bronchus.

¢ Relevant demographic data such as age and gender were recorded.

Data Analysis:

o Data were entered into Microsoft Excel and analysed using SPSS software (version 20).

e Continuous variables were expressed as mean + standard deviation (SD), and categorical variables were
presented as frequencies and percentages.

e The t-test was used for comparison of quantitative variables where applicable.

e A p-value of <0.05 was considered statistically significant.

Ethical Considerations:
Ethical approval was obtained from the Institutional Ethics Committee before commencement of the study.

e The study adhered to ethical principles outlined in the Declaration of Helsinki.
e Written informed consent was obtained from all participants.

e Patient confidentiality was maintained by anonymising all collected data.
RESULTS

A total of 115 patients underwent CECT thorax evaluation during the study period. Of these, 63 (54.78%) were
males and 52 (45.22%) were females. The overall mean age of the study population was 49.90 + 18.62 years, with
an age range of 18 to 90 years. The mean age among males was 47.40 + 19.05 years (range: 19-80 years), while
among females it was 52.67 + 17.86 years (range: 18-82 years). The gender distribution between groups was
homogeneous and not statistically significant (p = 0.215).

Out of the 115 patients, 49 (42.61%) had ectopic bronchial arteries (BA), while 66 (57.39%) had orthotopic
bronchial arteries. Among patients with ectopic BA, 20 (40.81%) were males and 29 (59.19%) were females. In
contrast, among patients without ectopic BA, 43 (65.15%) were males and 23 (34.85%) were females.

When analysed according to aetiology, bronchiectasis was significantly associated with ectopic bronchial arteries
(p = 0.04). Among patients with bronchiectasis, 21 cases had ectopic BA and 40 cases had orthotopic BA. Fungal
infection was seen in 10 patients with ectopic BA and 9 patients without ectopic BA, which was not statistically
significant (p = 0.33). Other aetiologies were observed in 18 patients with ectopic BA and 17 without ectopic BA,
which was also not statistically significant (p = 0.206).
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Between 2 and 5 bronchial arteries distal to the origin were identified per patient. A slightly higher prevalence
was observed on the left side compared to the right; however, this difference was not statistically significant (p =
0.499). Males had a slightly higher number of bronchial arteries compared to females, but this difference was also
not statistically significant (p = 0.650).

Bronchial arteries most commonly originated from the thoracic aorta (68.69%), followed by the aortic arch
(29.56%), and other vessels (1.74%). Rare origins (1.74%) included branches from the left subclavian artery, right
thyrocervical trunk, common trunk of the left thyrocervical trunk, and left internal thoracic artery. No significant
association was observed between arterial origin and side (p = 0.293) or gender (p = 0.354) (Table 1).

Table 1: Origin of Bronchial Arteries According to Side and Gender (n = 115)

Origin of Bronchial Artery Overall M/F (Total %) Right Side M/F (n=60) Left Side M/F (n=55)
Thoracic aorta — 43/36 (79, 68.69%) 15/20 (35, 58.33%) 28 /16 (44, 80.00%)
Independent

IBT 25/19 (44) 9/8(17) 16 /11 (27)

CTB 18/17 (35) 6/12 (18) 12/5(17)

Aortic arch — Independent 19 /15 (34, 29.56%) 18/ 6 (24, 40.00%) 1/9 (10, 18.18%)
IBT 3/3(6) 2/0(2) 1/3(4)

CTB 16 /12 (28) 16 /6 (22) 0/6(6)

Others 1/1(2,1.74%) 1/0(1,1.67%) 0/1(1,1.82%)

Total 63 /52 (115) 34/26 (60) 29 /26 (55)

IBT, Intercostobronchial trunk; CTB, Common trunk of bronchial arteries; M, Male; F, Female

Most bronchial artery ostia arising from the thoracic aorta were located in the anterior-medial position, followed
by anterior and medial locations, while posterior-lateral origin was not observed. Bronchial arteries originating
from the aortic arch were most commonly located in the superior-medial position, with fewer arising from
superior-lateral and inferomedial positions. Rarely, bronchial arteries originated from other vessels. Overall, left
bronchial arteries were more frequently observed than right bronchial arteries. There was no significant
differences in the location ostium between the left and right bronchial arteries (p = 0.398) (Table 2).

Table 2: Location of the Ostium of Bronchial Arteries (n = 115)

Origin Ostium Location RBA LBA Total n (%)
Thoracic Aorta Anterior-medial 20 30 50 (43.48%)
Anterior-lateral 1 7 8 (6.96%)
Posterior-medial 5 1 6 (5.22%)
Posterior-lateral 0 0 0 (0.00%)
Anterior 4 6 10 (8.70%)
Medial 7 3 10 (8.70%)
Aortic Arch Superior-medial 8 15 23 (20.00%)
Superior-lateral 2 1 3(2.61%)
Inferomedial 1 2 3(2.61%)
Others — 1 1 2 (1.74%)
Total 49 66 115 (100%)

RBA, Right bronchial artery; LBA, Left bronchial artery

Most bronchial arteries originated between the T4 and T6 vertebral levels, with the T5-T6 level being the most
common site of origin. A smaller number arose from adjacent levels such as T4, T4-T5, T5, and T6, while very
few originated at T3-T4. No bronchial arteries were observed to originate from the upper thoracic or
cervicothoracic levels (C7-T3) or from lower levels beyond T6. Both right and left bronchial arteries showed a
similar pattern of distribution across vertebral levels in males and females (Table 3).

Table 3: Vertebral Level of Origin of Bronchial Arteries (n = 115)

©2026 The authors

Vertebral RBA (M, F) | LBA (M, F) | Total (M, F)
Level

C7-T1 0(0,0) 0(0,0) 0(0,0)

T2 0(0,0) 0(0,0) 0(0,0)

T3 0(0,0) 0(0,0) 0(0,0)
T3-T4 0(0,0) 1(1,0) 1(1,0)

T4 10 (4, 6) 13(6,7) 23 (10, 13)
T4-T5 9(7,2) 10(5,5) 19(12,7)
T5 2(1,1) 3(2,1) 5(@3,2)
T5-T6 26 (14,12) 20(9,11) 46 (23, 23)
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T6 13 (8,5) 8 (6,2) 21 (14,7)
T6-T7 0(0,0) 0(0,0) 0(0,0)
T7 0(0,0) 0(0,0) 0(0,0)
Total (n) 60 (34,26) | 55(29,26) | 115 (63,52)

RBA, Right bronchial artery; LBA, Left bronchial artery; M, Male; F, Female

Left bronchial arteries were predominantly located on the left side of the oesophagus, whereas right bronchial
arteries were distributed on both sides of the oesophagus, showing a statistically significant association (p =
0.001). In relation to the main bronchus, both right and left bronchial arteries showed a relatively similar
distribution on either side, with no statistically significant difference (p = 0.217) (Table 4).

Table 4: Mediastinal Trajectory of the Bronchial Arteries in Relation to the Oesophagus and Main Bronchus (n = 115)

Artery | Oesophagus Main Bronchus

Left | Right | p-value | Left | Right | p-value
LBA 53 2 0.001 23 32 0.217
RBA 38 38 28 32
Total 75 40 55 60

RBA, Right bronchial artery; LBA, Left bronchial artery

The luminal diameter of the bronchial arteries showed variability across patients, with right bronchial arteries
generally having larger diameters than left bronchial arteries, which was statistically significant (p < 0.001). A
significant difference was also observed between genders (p = 0.013), with males demonstrating larger bronchial
artery diameters compared to females (Table 5).

Table 5: Diameters of the Bronchial Arteries

Sex Artery | Mean + SD (mm) | Range (mm)
Female | LBA 1.49 +0.26 1.14-2.97
RBA 1.67£0.30 1.22-2.55
Total 1.58 +0.29 1.14-2.97
Male LBA 1.58+0.21 1.19-2.32
RBA 1.75+0.34 1.31-2.93
Total 1.66 £ 0.29 1.19-2.93
Overall | LBA 1.54+0.24 1.14-2.97
RBA 1.71+0.32 1.22-2.93
Total 1.62 £0.29 1.14-2.97

RBA, Right bronchial artery; LBA, Left bronchial artery; SD, Standard deviation

Both Common trunk bronchial arteries (CTB) and intercostobronchial trunks (IBT) were commonly identified
bronchial artery trunks. CTB arose mainly from the thoracic aorta but also showed origins from the aortic arch
and rarely other vessels, while IBT originated predominantly from the thoracic aorta with occasional aortic arch
origin. The common ostium was most frequently located anteromedially, and the most common vertebral level of
origin was T5 for thoracic aorta origin and T4 for aortic arch origin in both trunks. The mean diameter of IBT was
slightly larger than CTB. CTB commonly gave rise to both right and left bronchial arteries, whereas IBT
predominantly gave rise to the right bronchial artery along with a posterior intercostal artery. Distinct branching
patterns were observed for both trunks, and their mediastinal course generally showed no contact with the main
bronchus (Table 6).

Table 6: Characteristics of Common Trunk and Intercostobronchial Trunk of Bronchial Arteries

Parameter Common Trunk (CTB) Intercostobronchial Trunk (IBT)
Number identified 79 trunks (79 patients) 83 trunks (82 patients)

Origin — Thoracic aorta 43 (=54.4%) 77 (93.90%)

Origin — Aortic arch 34 (29.56%) 6 (7.22%)

Origin — Other vessels

2 (1.74%) — left thyrocervical trunk

Common ostium location

Anteromedial (57.50%) — thoracic aorta
origin; Superomedial (26.45%) — aortic arch
origin

Anteromedial (54.54%) — thoracic aorta origin;
Inferomedial (50%) — aortic arch origin

Most common vertebral level

T5 (58.65%) — thoracic aorta origin; T4
(49.45%) — aortic arch origin

T5 (62.33%) — thoracic aorta origin; T4 (100%) —
aortic arch origin

Mean diameter (mm)

1.82 +0.35 (1.19-2.69)

1.99 + 0.40 (1.32-3.21)

Bronchial arteries arising 94 total 86 total
Right bronchial arteries 43 (45.74%) 80 (93.02%)
Left bronchial arteries 51 (54.25%) 6 (6.97%)
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Main branching pattern 1 right + 1 left BA (86.95%) 1 right BA + posterior intercostal artery (96.38%)
Other branching patterns 1R + 2L BA (8.69%); 2L BA (4.34%) 1L BA + posterior intercostal artery (2.40%); 1R +
1L BA + intercostal artery (1.20%); 1R + 2L BA +
intercostal artery (1.20%)

Mediastinal course Usually left of oesophagus; no contact with Usually branches before reaching oesophagus; no
main bronchus contact with main bronchus

DISCUSSION:

Detailed evaluation of bronchial artery variations using CECT thorax is important for clinical procedures such as
BAE for treating hemoptysis and for planning thoracic surgeries [1]. In this study, 115 patients underwent CECT
thorax examination. Among them, 49 patients (42.61%) had ectopic bronchial arteries and 66 patients (57.39%)
had orthotopic bronchial arteries. The mean age of the patients was 49.90 + 18.62 years. Bronchiectasis was found
to be significantly associated with the presence of ectopic bronchial arteries (p = 0.04).

In the present study, ectopic bronchial arteries were found in 42.61% of patients. This is slightly higher than some
previous reports which suggest that ectopic bronchial arteries occur in about one-third of cases [6]. However,
other studies have shown a wide range by reporting abnormal bronchial artery origins in 8.3% to 35% of cases
[14]. A large meta-analysis by Ostrowski et al., that included 37 studies, reported that at least one ectopic bronchial
artery was present in 37.80% of cases [1]. The higher percentage seen in our study may be due to differences in
the study population and imaging methods used.

The association between bronchiectasis and ectopic bronchial arteries seen in our study is similar to previous
studies. Chronic lung diseases such as bronchiectasis are known to be common causes of hemoptysis and often
require treatment such as BAE [15,16]. Choi et al. studied 600 patients with hemoptysis and found that 24.7% of
patients had at least one ectopic bronchial artery [17]. They suggested that long-term airway inflammation can
cause the blood vessels to enlarge and become tortuous whichmakes it important to identify these abnormal
arteries during treatment. Continuous inflammation and structural changes in bronchiectasis can also lead to the
development or enlargement of ectopic bronchial arteries through collateral circulation. Because of this increased
blood supply in chronic lung diseases, severe hemoptysis can occurwhich usually arises from the high-pressure
bronchial circulation rather than the pulmonary circulation.

In our study, the thoracic aorta was the most common origin of bronchial arteries (68.69%) followed by the aortic
arch (29.56%) (Fig. 1).

! - 2 . o _/ ~ " ot
Fig. 1: (A) Axial CT angiogram shows right bronchial artery (arrow) originating from the anteromedial thoracic aortic wall. (B) shows
an orthotopic left bronchial artery (arrowhead) originating from the anterior thoracic aortic wall.

These findings are similar to earlier radiological studies. A meta-analysis reported that bronchial arteries arise
from the aorta in about 92.71% of cases, while the aortic arch is the most common source of ectopic bronchial
arteries [1]. In our study, a few rare ectopic origins were also seen from vessels such as the subclavian artery and
thyrocervical trunk (Fig. 2 & 3)
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Fig. 2:Ectopic bronchial atery from left subclavian artery. (A, B) Chest CT shows common trunk of bronchial artery (white arrow)
originate from left subclavian artery (star).

Fig. 3: Ectopic bronchial artery from ascending aorta. (A, B) Chest CT shows common trunk of bronchial artery (white arrow) originates
from ascending aorta (star).

Similar findings were reported by Choi et al. who stated that although the descending aorta is the main source,
branches from the aortic arch can also give rise to ectopic bronchial arteries [17]. These results show that careful
CT angiographic evaluation is important to identify such variations, especially before interventional procedures.

The location of the bronchial artery ostium in our study showed that arteries arising from the thoracic aorta most
commonly originated from the anteromedial aspect, while those arising from the aortic arch were predominantly
located in the superomedial position. These findings are consistent with previous reports. Esparza-Hernandez et
al.identified the anteromedial aspect of the thoracic aorta as the most frequent origin site in 58.29% of cases[18].
Similarly, Walker et al.noted a superomedial preference for bronchial arteries arising from the aortic arch[19].
The clustering of ostia in these regions provides a practical anatomical reference during selective catheterization
in bronchial artery embolization procedures.

Bronchial arteries that came from the thoracic aorta were most commonly found in the anteromedial position.
Arteries that came from the aortic arch were mostly located in the superomedial position. These results are similar
to previous studies. Esparza-Hernandez et al. reported that the anteromedial part of the thoracic aorta was the most
common origin site in 58.29% of cases [18]. Walker et al. also found that bronchial arteries arising from the aortic
arch were mainly located in the superomedial position [19]. Knowing these common locations is useful during
procedures such as bronchial artery embolization as it helps them find and catheterize the arteries more easily.

Most bronchial arteries in our study originated between the T4 and T6 vertebral levels, with the T5-T6 level being
the most common site (Fig. 4).
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Fig. 4: Origin of orthotopic bronchial arteries. Axial (a) and saggital (b) CECT view of an orthotopic bronchial artery (black arrows)
originating from the descending thoracic aorta(DA) at the T5-T6 vertebral plane, near the carinallevel.

This finding is consistent with the usual anatomical description, where normal (orthotopic) bronchial arteries arise
from the descending thoracic aorta around the T5-T6 level [6]. Similar results were reported by Esparza-
Hernédndez et al. who found that about 66.34% of bronchial arteries originated between T5 and T6 [18]. This
shows that the mid-thoracic region is an important landmark when identifying bronchial arteries during CT
angiography and endovascular procedures.

Regarding the mediastinal course, most left bronchial arteries were found on the left side of the oesophagus, while
right bronchial arteries were present on both sides of the oesophagus. This difference was statistically significant
(p = 0.001). This pattern may be related to the complex arrangement of structures in the mediastinum, such as the
thoracic ductwhich crosses the midline around the T5-T6 vertebral level. In addition, no bronchial arteries were
seen to arise from the posterior-lateral part of the thoracic aorta, which is consistent with previously reported
anatomical patterns.

The mean diameter of the bronchial arteries in our study was 1.62 + 0.29 mm which is very similar to the mean
diameter of 1.62 mm reported by Esparza-Herndndez et al. [18]. In our study, the right bronchial artery was
generally larger than the left which agrees with previously reported anatomical findings. Yener et al. also reported
that the number and mean diameter of right bronchial arteries were significantly higher than those of left bronchial
arteries (P < 0.05) [2]. Their study further showed that males had a higher number and larger diameter of bronchial
arteries compared to females (P < 0.05). These findings are similar to our results which also showed larger
bronchial artery diameters in males and on the right side.

In our study, we identified CTB and IBT which supports the known patterns of bronchial artery branching. CTB
usually gave rise to both right and left bronchial arterieswhile IBT mainly gave rise to the right bronchial artery
along with a posterior intercostal artery. ldentifying these trunks and their branching patterns is very important
during BAE because missing these variations can lead to incomplete embolization or failure of the procedure [20].
Previous studies have also shown that preserving the bronchial arteries during surgeries such as thoracoscopic
lobectomy is important which highlights the need for accurate knowledge of bronchial artery anatomy [21].

This study provides detailed information about the anatomy and variations of bronchial arteries using CECT
thorax. The results support previously known anatomical patterns but also show a relatively higher occurrence of
ectopic bronchial arteries and their association with bronchiectasis. These findings highlight the importance of
careful imaging before procedures and a clear understanding of bronchial artery anatomy to improve the safety
and success of thoracic interventions, especially BAE. Overall, the study adds to the existing literature and shows
that the bronchial arterial system is complex and can vary between individuals.

CONCLUSION:

This study shows that bronchial arteries have significant anatomical variation in their origin, number, course and
branching pattern on CECT thorax. The thoracic aorta was the most common source of originwith most arteries
arising between the T4 and T6 vertebral levels. Ectopic bronchial arteries were also observed and were
significantly associated with bronchiectasis. Right bronchial arteries generally had larger diameters than left
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bronchial arteriesand males had significantly larger diameters than females. Additionally, CTB and IBT were
identified with characteristic branching patterns. Understanding these variations is important for accurate imaging
interpretation and for planning procedures such as bronchial artery embolization.
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