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Abstract

Background: Hemoptysis has many vascular and paren-
chymal causes. Determining the site and the cause of the
bleeding is of great value in planning the proper management.

Aim of Study: Is to evaluate the role of Multidetector
Computerized Tomography (MDCT) in detection and local-
izing the site and causes of hemoptysis of vascular origin.

Material and Methods: Prospective study included 50
patients suffering from hemoptysis, referred to the Department
of Radiology, Amiri Hospital, Kuwait during the period from
April 2016 until April 2018. MDCT pulmonary and bronchial
angiography was done for all patient as well as bronchoscopy,
conventional angiography and biopsy were done for some
cases.

Results: MDCT angiography was successful in determining
the cause of hemoptysis in 88% of cases. Vsacular causes of
hemoptysis included bronchial, systemic non bronchial and
pulmonary arteries.

Conclusion: MDCT pulmonary and bronchial angiography
is a very valuable technique in determining and the source
and causes of hemoptysis and planning of management.

Key Words: MDCT angiography — Hemoptysis — Vascular
causes.

Introduction

HEMOPTYSIS is defined as bleeding that origi-
nates from the lower respiratory tract, and it is can
be considered as symptom of serious or even life-
threatening chest disease that require urgent inves-
tigation [1]. There are multiple causes of hemopt-
ysis, from airway diseases, parenchymal diseases,
cardiovascular diseases, and other causes [2].

In 15-30% of all cases no definite cause can be
detected, and is called idiopathic or cryptogenic
hemoptysis [3]. The source of massive hemoptysis
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in most of cases is the bronchial circulation. How-
ever, nonbronchial systemic arteries can be also a
significant source [4]. The target of the primary
diagnostic evaluation is to determine the immediate
source of the bleeding and its importance, but the
complete assessment requires determining the
underlying primary cause of the hemoptysis. The
standard diagnostic protocols have been based on
combinations of conventional radiography, rigid
or fiberoptic bronchoscopy, chest Computed Tom-
ography (CT), and thoracic aortography [5]. Multi-
detector CT angiography is comprehensive, non-
invasive method for detailed evaluating the whole
chest including the mediastinum, lung parenchyma,
and blood vessles [6] . Conditions such as bron-
chiectasis, chronic bronchitis, lung malignancy,
tuberculosis, and chronic fungal infection are easily
detected with conventional CT [7].

CT can be superior to bronchoscopy in deter-
mining the cause of hemoptysis, its main advantage
being its ability to show distal airways that can't
be reached by the bronchoscope, and also evaluat-
ing the surrounding lung parenchyma [3]. CT find-
ings also can be the guide for the endoscopist about
bronchial or parenchymal abnormalities and warn-
ing about possible dangers such as peribronchial
or endoluminal aneurysms [8].

Known the anatomy and variant of bronchial
arteries is of great value in assessment the vascular
causes of hemoptysis. The bronchial arteries usually
originate from the proximal descending thoracic
aorta. They are termed orthotopic when they orig-
inate between the superior endplate of the T5
vertebral body and the inferior endplate of the T6
vertebral body. Bronchial arteries that originate
elsewhere in the aorta or from other vasculature
are termed ectopic [9].
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There are normally one or two bronchial arteries
supplying each lung, arising either independently
or from acommon trunk [10].

On theright side, an intercostobronchial trunk
usually exists, arising from the right posteromedial
aspect of the aorta and coursing cranially before
giving rise to one or more posterior intercostal
arteries and aright bronchial arterial component.
This component turns sharply in the caudal direc-
tion to the level of the right main bronchus, where
it ramifiesin the lung parenchyma parallel to the
bronchus and more distal airways [9].

The left bronchial artery usually arises from
the anterior aspect of the descending thoracic aorta,
either singly (30.5% of cases) or as a common
trunk with a second right bronchial artery (25%).
In 70% of cases, there are two |eft bronchial arteries
in addition to the right intercostobronchial trunk.
Because of its short mediastinal course, the | eft
bronchial artery may be difficult to see clearly at
single-detector row CT [9].

Ectopic bronchial artery, most commonly orig-
inating from the undersurface of the aortic arch.
Potential ectopic sites of origin include the inferior
aortic arch, distal descending thoracic aorta, sub-
clavian artery, brachiocephalic trunk, thyrocervical
trunk, and internal mammary artery and even a
coronary artery [10].

Material and M ethods

This prospective study was conducted on 50
consecutive patients with hemoptysis referred to
the Department of Radiology, Amiri Hospital,
Kuwait during the period from April 2016 until
April 2018.

MDCT chest with angiography of the bronchial
arteries was performed in multiple radiology cent-
ers, 36 men, and 14 women; 24-88 years of age;
mean, 56 years of age, were referred by respiratory
and cardiothoracic specialists.

Informed consent from the patients or patient's
family was obtained with explanation of the study,
including procedure and radiation dose.

For each patient, the following variables were
recorded: Age, sex, underlying medical conditions,
coagulation status, transfusion requirements, and
endoscopic or scintigraphic findings, if available.

All patients were subjected to complete clinical
examination with detailed history and laboratory
examination with Chest X-rays.

Some cases were subjected to other investiga-
tions done after the CT study including bronchos-
copy with or without histopathological examination
and conventional angiographic, with correlation
of the resultswith MDCT.

Patient preparation:
- Fasting for about 4-6h before the examination.
- An IV access was secured.

Exclusion criteria:
- Pregnant females.

- Patients with chronic renal failure or impairment
not on regular dialysis.

- Severe cardiac disease causing orthopnea.
- Patients who are hemodynamically unstable.
- Sensitivity to the contrast medium.

- Patients with life-threatening hemoptysis till been
stabilized.

The CT examinations were performed using 64
multidetector row CT scanner (high speed QX/i;
GE Medica Systems, Milwaukee, Wis) with a
gantry rotation speed of 0.5 second per rotation.

CT imaging was performed with patientsin the
supine position at maximal inspiration during a
single breath hold.

Preliminary unenhanced CT scanswith adlice
thickness of 10mm were obtained to detect any
pre-existing hyperdense material in both lungs.
Also for comparison of HU measurement of the
suspected region of active bleeding latter on.

Then a standard technique was applied, MDCT
chest with bronchial and pulmonary angiography,
the scanning parameters were: Coverage areawas
acquired from base of neck to L2 (level of rena
arteries), scanned in cranio-caudal direction, dlice
thickness 0.6mm, pitch of 1.9, table speed of 20mm
per rotation, reconstruction interval of 0.6mm, tube
voltage of 140kV, and tube current of 586mA.

The following parameters 100-140kV, 90-120
mAS, collimation 64 X 0.6mm and pitch 1.2 were
used.

Optimal enhancement of both the pulmonary
and systemic arteries was achieved with the injec-
tion of 120ml of a high-density, low osmolar non-
ionic contrast medium (350mg/dl), these were
administered via an antecubital vein and 18-gauge
intravenous cannula at arate of 4cc/sec by means
of an automatic injector (Medrad; Stellant CT
injector).
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The scan delay was determined by using auto-
mated bolus-triggering software (Smart Prep; GE
Healthcare, Milwaukee, Wis) program. Bolus track-
ing technique was used with a threshold of 120
HU in the descending aorta at the level of carina
with.

CT angiography of the pulmonary and bronchial
arteries with a combination of selected reformatted
images was acquired.

Assessment of the lung parenchyma and airways
as well as the mediastinum was done as in routine
CT chest studies, using both lung parenchyma and
mediastinal window settings.

Post processing techniques:

Post-processing of the raw data was performed
by Transferred thin transverse CT images, Multi-
planner Reformation (MPR), Maximum Intensity
Projection (MIP), and Volume-Rendered (VR)
technique, reviewed as digital images on a picture
archiving and communication system workstation
monitor (IMPAX, DS3000, AGFA).

Our aim was to evaluate the origins and courses
of the bronchial arteries.

Data interpretation:

1- Evaluation of the lung parenchyma to localized
the site of pathology and suspected bleeding,
its cause as well as any associated findings.

2- Evaluation of the bronchial arteries considering
the following:

A- The site of origin from the aorta.

Results

The study included 50 patients, complaining
of hemoptysis.

CT chest with contrast was successful in iden-
tifying parenchymal cause of hemoptysis in 29/50
patients (58%), 9 cases of them are showing pure
parenchymatous abnormality with no vascular
abnormality and the remaining 20 cases showed
both parenchymatous and vascular abnormality.

Other cases with no parenchymatous abnormal-
ity, in which vascular cause is suspected was 21
cases, in these cases, MDCT angiography, revealed
pure vascular origin in 15 cases. The remaining 6
cases showed no definite cause. Table (1).

The source of bleeding was classified according
to the MDCT angiography into 20 cases with bron-
chial artery source, 8 cases with systemic non
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bronchial artery source, 7 cases with pulmonary
source and 15 cases with non detected vascular
source of bleeding. Table (2).

Conventional bronchial angiography was per-
formed after MDCT study in 7 patients which
require embolization.

In these cases with conventional angiography,
dilated bronchial arteries were identified in 5
patients and dilated non bronchial systemic arteries
were seen in 2 patients.

35 cases were detected with vascular abnormal-
ity, 15 case with pure vascular abnormality and
the remaining 20 cases were associated with pa-
renchymal abnormality.

These vascular abnormality were classified into
6 cases with bronchial artery aneurysm, 5 cases
with pulmonary AVM, and 2 cases with pulmonary
embolism.

The remaining cases (22 cases) showed only
bronchial artery or systemic non bronchial artery
dilatation.

MDCT angiography of the chest was successful
in detecting 91 bronchial arteries in the 50 cases
done. 35 out of the 91 bronchial arteries were right
bronchial arteries and the remaining 56 were left
bronchial arteries. On the other hand, 25 cases
were with double left side bronchial arteries and
6 cases were with single left side bronchial arteries.
Table (3).

Also, 20 artery of the 91 detected BAs were
seen to be dilated (>2mm), 6 of them with bronchial
artery aneurysm and the other 14 arteries with just
dilatation. 8 of the dilated bronchial arteries were
right side and 12 were left side. Table (4).

Table (1): Classifications of the abnormalities detected in the
cases of the study.

Abnormality detected Number of cases

Parenchymal only 9
Parenchymal and vascular 20
Pure vascular 15
None 6
Total 50

Table (2): Different causes of bleeding in the cases.

Source of bleeding Number of cases

Bronchial artery 20
Systemic non bronchial artery 8
Pulmonary 7
No source detected 15
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Table (3): Types and number of the detected bronchial arteries
on each side in different cases of the study.
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Table (4): Number of dilated and non dilated bronchial arteries
on each side in different cases of the study.

Bronchial arteries detected

Right Left
Orthotopic 22 (62.9%) 41 (73.2%)
Ectopic 13 (37.1%) 15 (26.8%)
Total 35 56

Bronchial arteries detected

Right Left Total

Dilated Non dilated Dilated Non dilated

Orthotopic 5 17 6 35 63
Ectopic 4 9 5 10 28

Fig. (1A): CT angiography showed:

- A small patch of ground glass opacity seen within the posterior
segment of the left upper lung lobe ... Likely pulmonary haemorrhage
in the view of the clinical data of haemoptysis.

Fig. (1B): Bronchial angiography revealed:

- After reviewing the CT scan and determine the location of the left
bronchial artery, Mickelsson catheter was then used to select the
left bronchial artery. Contrast injection showed opacification of the
left bronchial artery (small black arrow), along with right-sided
branches (most likely inter-costals branches), along with parenchymal
blush and suspicious area of micro-aneurysm (thick black arrow)
supplying the area related to the bleeding site.

- The distal left bronchial artery was then embolized with PVA (355-
500 micros) till total stasis.

Fig. (1): 64 years old female patient with hyperparathyroidism presented with recurrent massive haemoptysis (~400cc).

Fig. (2A): Pulmonary/aortic CT angiography phase after 6 seconds.
Delayed phases after 19 and 45 seconds, revealed:

- No evidence of extra-vasation of the contrast media (no active
bleeding).

- Abnormal mildly dilated right bronchial arteries are seen at D5-6
and D7-8 levels measuring upto 3 mm (thin black and white arrows).

- Abnormal density is seen inside the right lower lobe bronchus and
the distal part of the bronchus intermedius ... In view of the patient
clinical condition, suggestive of clotted blood (thick white arrow).

- There is increase in the size of the previously mentioned areas of
pulmonary consolidation at the right middle and lower lung lobes.

- Mildly attenuated subsegmental pulmonary arteries at the right
lower lung lobe.

Fig. (2B): Bronchial angiography revealed:
- The main supply of the pathology located at the lower lobe of the

right lung was identified as the right bronchial artery showing
pathological branching and contrast stain (thin black arrows).

- Right bronchial artery was super selectively catheterised and
embolotherapy was performed using polyvinyl alcohol particles of
300 to 500 micron sizes.

Fig. (2): 26 years old male patient presented with recurrent attacks of hemoptysis.
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Fig. (3A): CT Thoracic Aorta Angiogram, Pulmonary Angiogram:

2017

- A small focal area of aneurysmal dilatation of a branch of the right pulmonary artery arising from the upper lobe branch is noted. Thisisin
close proximity to the wall of the cavity located in the posterior aspect of the right upper lobe which is suggestive of a mycotic aneurysm.

- No other abnormal feeding arteries are noted in the rest of the cavities.

Fig. (3 B): Embolo-therapy of abranch of the right pulmonary artery, Pulmonary bronchial Angiogram revealed:
- The embolization of the right posterior upper segment pulmonary artery was done through the right internal jugular access by placing 11

pieces of 3mm X 15mm and 1 piece of 3mm X 40mm spring coils.

- The pre-embolization superselectiv angiography identified the supplier branch of the pulmonary artery aong with the pseudo-aneurysm which

were detected by the pulmonary angio-CT done same day .

- The post-embolization super-sel ective angiography confirmed complete occlusion of the false aneurysm as well as the supplying artery.

Fig. (3): 40 years old male patient presented at ICU (Intensive Care Unit) with Hemoptysis.

30% of the detected bronchial arteries were
ectopic (28/91 arteries) and the remaining 63 ar-
teries were orthotopic. The ectopic arteries origi-
nated from the undersurface of the aortic arch (19
arteries), distal descending aorta (5 arteries), sub-
clavian artery (3 arteries) and one from the brachi-

ocephalic trunk. These 28 ectopic bronchia arteries
were seen in 20 out of the 50 cases (40%).

8 cases of non-bronchial systemic arteries as
source of bleeding were detected. These vessels
appear as abnormally dilated arteries that course
into the lungs along trajectories that are not parallel
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to the bronchi (in contrast to the bronchial arteries).
They are usually very tortuous and well depicted
on reformatted images.

On axia images, their presence can often be
predicted on the basis of pleural thickening greater
than 3mm with enhancing arteries within the ex-
trapleural fat.

In 7 cases the pulmonary circulation was the
source of bleeding with 5 cases due to pulmonary
AVM or aneurysm and 2 cases due to pulmonary
embolism.

Discussion

MDCT angiography was found to be so impor-
tant in evaluating the cases of hemoptysis and
classifying the causes and sources of bleeding. It
also can be a guide for the radiologist and inter-
ventional radiologist about the next step in man-
agement.

In the cases which shows parenchymal abnor-
mality, MDCT angiography helpsin localizing the
site of abnormality which can be further identified
by bronchoscopy.

In the cases with vascular abnormality. MDCT
angiography can indetify the source of bleeding
either it is bronchial arteries either orthotpic or
ectopic, non bronchial systemic arteries or pulmo-
nary arteries. Bronchial arteries abnormalities
includes aneurysm or just arterial dilatation. Non
bronchial systemic arteries dilatation could also
beidentified. Pulmonary artery embolism or AVM
were also other vascular cause of hemoptysis.
Determining these vascular cause is of great value
for planning the cases which needs interventional
management.

In our study MDCT detected the cause of he-
moptysisin 44 out of 50 cases (88%) with no
abnormality detected in 6 cases (12%). Thiswas
near the results of Abdel-Ghany et al. [11], who
found that MDCT detected the cause of hemoptysis
in 42 of 50 patients (84%). Also near the result of
Khalil et a. [12], who detected the cause of bleeding
by MDCT in 48 of 53 patients (90.5%).

In our study, MDCT angiography detected 91
bronchial arteriesin the 50 patient examined. In
another study by Yoon et al. [13], they detected 52
bronchial arteriesin 22 patients.

In our study 63 out of 91 (69.2%) detected
bronchial arteries were orthotopic while 28 (30.8%)
bronchial artery were ectopic. On the right side

62.9% were orthotopic and 37.1% were ectopic.
On the left side 73.2% were orthotopic and 26.8%
were ectopic.

Thisisdifferent from Abdel-Ghany et al. [11],
who found 90% orthotopic bronchial arteries and
only 10% ectopic in their study. Also Remy Jardin
et al. [6], found the bronchial arteriesto be ortho-
topic in 83% of cases and ectopic in 17% of cases
on theright side. Also they found bronchial arteries
to be orthotopic in 73% of cases and ectopic in
27% of cases on the |eft side.

Also Mori et a. [14], found 102 bronchia arter-
iesin their study, among them 80 (78.4%) were
orthotopic and 22 (21.6%) were ectopic.

In our study, 19 (67.8%) of the detected ectopic
arteries originated from the undersurface of the
aortic arch, while 5 from the distal descending
aorta, 3 from the subclavian artery, and the last
one from the brachiocephalic trunk.

This was coinciding with Abdel-Ghany et al.,
[11] , who detected 9 ectopic bronchial arteries,
most of them from the aortic arch (7/9) and the
remaining from the lower descending aorta and
subclavian artery.

In our study the ectopic bronchial arteries were
detected in 40% of patients. This nearly in agree-
ment with Mori et a. [14], who detected ectopic
bronchial vesselsin 42% of patients, and also
Hartmann et al. [15], who detected ectopic bronchial
vesselsin 36% of patients.

In our study 9 out of 35 (25.7%) detected right
bronchial arteries were dilated, while 11 out of 56
(19.6%) detected left bronchial arteries were dilat-
ed. Whilein Mori et al., study [14], dilatation and
tortuosity of BAswere found in 8 patients (40%).

In our study 22 right orthotopic bronchial ar-
teries detected, 13 (59.1%) arised from the right
intercostal bronchial trunk, 5 (22.7%) arised from
common trunk of both bronchial arteries, and 4
(18.2%) arised directly from the thoracic aorta.

While 41 |eft orthotopic bronchial arteries were
detected, 25 (61%) arised directly from the thoracic
aorta, 11 (26.8%) arised from the left intercostal
bronchial trunk, and 5 (12.2%) arised from common
trunk of both bronchial arteries.

Whilein the study performed by Moritaet al.
[16], 118 right bronchial arteries were detected, 61
(52%) originated from the right intercostal bron-
chial trunk, 15 (13%) originated directly from the
thoracic aorta, 38 (32%) originated from the com-
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mon trunk of both bronchial arteries, and four (3%)
originated from the right subclavian artery.

Whilein their study, 105 left bronchial arteries
were detected. 63 (60%) originated directly from
the thoracic aorta, 38 (36%) arose from the common
trunk of both bronchial arteries and four (4%) arose
from the left intercostal bronchial trunk.

In our study, 8 cases of non-bronchial systemic
arteries as source of bleeding were detected (16%).
These vessels appear as abnormally dilated arteries
that course into the lungs along trajectories that
are not parallel to the bronchi. They are usually
very tortuous and well depicted on reformatted
images. These arteries were originated from inter-
costal arteries.

Guptaet al., [17], had detected nonbronchial
systemic arteriesin 11 of 27 patients (40.7%).
Three of these patients (11.1%) had normal bron-
chial arteries, and a nonbronchial systemic artery
was the only source of hemoptysis. In another
study by Yu-Tang Goh et a., [18], a42 out of 103
patients who underwent bronchial artery emboli-
zation had nonbronchial systemic arteries associated
with abnormal bronchial arteries (41%), but also
12 had abnormal nonbronchia systemic arteries
with normal bronchial arteries (11.7%).

Alsoin study by Mohamed et al., [19], they
identified non bronchial systemic arteriesin 6
patients (11.5%). They were in the form of dilated
intercostals vessels with pleural thickening and in
association with parenchymal lung abnormalities
in al of these 6 patients.

In our study conventional angiography was
donefor 7 patients (14%) indicated for embolization
by MDCT. In 5 cases dilated bronchial arteries
was detected, while in 2 cases dilated systemic
non bronchial arteries are seen. In these cases
embolization was done. It isimportant to identify
these abnormal nonbronchial systemic arteries
before embolization to achieve successful embol-
ization and avoid recurrence hemoptysis. In the
study performed by Abdel-Ghany et a., [11], con-
ventional angiography was performed for 4 cases
for embolization.

In our study, the pulmonary circulation was the
source of bleeding in 7 patients (14%). 5 cases
with pulmonary AVM and 2 cases with pulmonary
embolism. Thiswas in agreement with the study
performed by Mohamed et a., [19], in which the
pulmonary circulation contributed to hemoptysis
in 7 cases (13.5%), 4 of them had pulmonary
embolism and 1 patient had AVM. In one patient,
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abranch from the Rt pulmonary artery was seen
within the wall of a cavitary lesion in the right
middle lobe.

In other previous studies, the pulmonary circu-
lation contributed to hemoptysisin 6.9% of cases
in Khalil et al., [20] and 10% of casesin Abd El-
Ghany et al., [11].

Conclusion:

MDCT pulmonary and bronchial angiography
isavery valuable technique in determining and
the source and causes of hemoptysis and planning
of management.
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