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WHAT IS CTA ?

Computerized tomographic angiography  is the 

technique used to visualize blood vessels that have been 

opacified by contrast media.



CT Angiogram

CT 

Arteriogram

CT 

Venogram



This includes visualization of:

•Circle of Willis/Venous sinuses

•Carotid arteries/Juglar veins

•Subclavian arteries/veins

•Thoracic & abdominal aorta

•SVC & IVC

•Renal vasculature

•Abdominal viscera vasculature

•Lower limb arteries/veins 



CTA may be used as the primary modality for 
detecting disease or as an adjunctive tool for better 
characterizing known disease or assessing 
changes over time. 

CTA is a medical imaging technology that exposes 
patients to ionizing radiation. It should only be 
performed under the supervision of a physician 
with the necessary training in radiation biology 
and protection to optimize patient safety. 



CTA is primarily performed for assessing the 
heart, arteries, or veins. It requires at a minimum a 
thin section helical (spiral) CT acquisition coupled 
with a power injection of intravenous iodinated 
contrast medium. Three-dimensional rendering 
and multiplanar reformations are important 
components of many CTA examinations. 



INDICATIONS 

Indications for CTA of the head and neck vessels include, 
but are not limited to, the diagnosis, characterization, 
and/or surveillance of: 

1. Arterial aneurysms or pseudo aneurysms and venous 
varices 
2. Ischemic stroke, vasospasm and thromboembolism 
3. Intracranial hemorrhage and intraspinal haemorrhage. 
4. Vasculitis and collagen vascular diseases 
5. Atherosclerotic steno-occlusive disease 
6. Non-atherosclerotic, non-inflammatory vasculopathy.



7. Traumatic vascular injuries.
8. Venous and dural sinus thrombosis (when performed 
as a dedicated CTV). 
9. Vascular malformations and fistulas.
10. Vascular anatomic variants.
11. Evaluation for vascular intervention and follow-up 
(percutaneous and surgical).
12. Tumors of vascular origin, with rich vascular supply 
or involving vascular structures. 
13. Localization of arterial and venous structures for 
surgical planning. 



CONTRAINDICATIONS

1. Pregnancy.

2. Unstable vital signs.

3. Allergic patient to contrast.

4. Altered Kidney function.

5. Severe diabetes.



PATIENT SELECTION

Patients without absolute contraindication to the 
administration of iodinated contrast media are the 
candidates for CTA. 

In cases of relative contraindication to the administration 
of iodinated contrast medium measures to reduce the 
possibility of contrast medium reactions or nephrotoxicity 
should be followed to the extent that the patient’s 
condition allows, or an alternative vascular imaging 
modality should be considered, eg, magnetic resonance 
angiography (MRA) 



PREPARATION

• NPO 3-4 hrs before the exam.
• Not severly allergic or asthmatic.
• Recent Renal function test(RFT) must be 

normal;
1 week          inpatient.
3 month       diabetic patient
6 month       non diabetic patient.

• Explain procedure
• Signed consent form
• Sedation if needed



• When possible, patients should be well hydrated.

• An intravenous access should be established. A 20-gauge 
or larger antecubital intravenous (IV) catheter should be 
placed ideally on the right side, to accommodate an 
optimal rate of 4 or 5 ml per second of iodinated contrast 
media. 

• All catheters used for the CTA examination should first 
be tested with a rapidly injected bolus of sterile saline to 
ensure that the venous access is secure and can 
accommodate the rapid bolus, minimizing the risk of 
contrast medium extravasations. 



CT EQUIPMENT 

The use of a multi-detector-row CT scanner is preferred for 
CTA. 
Helical CT acquisition is mandatory for CTA. 
A complete gantry rotation should be no greater than 1 
second and preferably less. 
The scanner must be capable of detecting and reliably 
diagnosing pathology in the adjacent structures and end 
organs of the vessels. 
A contrast medium power injector that allows 
programming of both the volume and flow rate must be 
used for head and neck CTA examinations. 



Capability of creating multiplanar reformations, 
maximum-intensity projections, and volume renderings 
or shaded surface displays should be available for CTAs, 
and applied to the appropriate study. 
A method of bone removal for intracranial vessels is 
desirable. 
The direct measurement of vascular diameters and, when 
appropriate, path lengths should also be available. 









EXAMINATION TECHNIQUE

• Prior to acquiring the CTA, an unenhanced helical CT 
acquisition should be obtained for detecting mural or 
extravascular haemorrhage, mapping of arterial 
calcification, or localization of the anatomy of interest. 

• The section thickness for this preliminary CT acquisition 
is application dependent, but should not exceed 5 mm.

• The radiation exposure to the patient should be 
minimized within the limits of acceptable image quality, 
including optimization of kVp and mAs . 



• If infants and children are being imaged, there should 
be written guidelines for acceptable CT radiation 
exposure, including weight-appropriate or age-
appropriate guidelines to reflect the as-low-as-
reasonably-achievable (ALARA) principle. 

• If available, dose modulation and iterative 
reconstruction approaches should be used, with 
appropriate targeted signal-to-noise ratio. 



PRIMARY GOAL
Maximize the density of contrast in the arteries at the time of 
imaging.

SECONDARY GOAL
Minimize the contrast density in the veins
•The subclavian vein on the side the contrast is injected at the 
time the scans can be dense enough to cause artifact. If you have 
have a choice, injecting the right arm is better than the left.
•The cranial and neck veins that are “down stream” of the 
arteries that are being imaged. (complicates 3D reconstructions 
reconstructions and can cause difficulty distinguishing veins and 
and arteries in the head).



These goals are approached by optimizing the injection and 
the timing of the scanning relative to that injection.

Contrast injected at 4-5 cc/sec followed by a saline chaser. 
Younger people with higher cardiac outputs get 5cc/sec 
while older people with lower cardiac outputs get 4cc/sec.

The arm being injected is held up in the air. Contrast is 
heavier than blood or saline and gravity will help move it 
from the arm into the SVC. Also, the effectiveness of the 
saline push is accentuated when the arm is up by having 
the saline “push down” on the contrast column like a 
piston rather than just flowing over the top of the heavier 
contrast.



TOO EARLY
No contrast in veins. Arterial density is low and seems to 
improve on later images

TOO LATE
Contrast dense in the veins. In extreme cases, it will be 
denser in the veins than the arteries. Arterial density is low 
low and deteriorates on later images.

HOUNSFIELD (INTERNAL CAROTID ARTERY)
•<250 Poor study. Consult with radiologist about repeating.
repeating.
•<250-300 OK study.
•<300-350 Good study
•<350-400 Very Good study
•>400 Excellent study.



SCAN TECHNIQUE

Scan speed :

For evaluation of the basal intracranial arteries, a scan 
range of approximately 100 mm needs to be covered.

Examination of the whole length of the carotid arteries 
from the aortic arch to the circle of Willis requires a scan 
range of approximately 250 mm. 

The arterio-venous transit time in cerebral bed equal about 
5 second. 



With four–detector row CT at a collimated section width 
of 1 mm, a pitch of 1.5, and a gantry rotation time of 0.5 
second, the volume of cerebral artery can be covered in 
about 9 seconds. This is not fast enough to avoid venous 
overlay.

With 16–detector row CT at a collimated section width of 
0.75 mm, a pitch of 1.5, and a rotation time of 0.5 second, 
the same range can be covered in 3 seconds, well beyond 
the arterio-venous transit time.



At examination of the whole length of the carotid arteries 
from the aortic arch to the circle of Willis:

The scan time would be 21 seconds for four–detector row 
CT.

7 seconds for 16–detector row CT.

4  seconds for 64–detector row CT (64 × 0.6 mm, pitch of 
1.3, 0.33-second rotation time). 



Contrast Material Injection:
In order, to obtain high-quality CTA images, high 
concentration of contrast in the vessels is necessary.
Short scan times require short contrast material injection.

Technique-related factor: 
To deliver an appropriate amount of iodine, injection rates 
of 4–5 mL/sec and highly concentrated contrast medium 
(iodine, 350–370 mmol/mL) are preferable.
Type of injection and volume of contrast material may also 
effect Ct contrast enhancement. 



FACTORS AFFECTING ARTERIAL ENHANCEMENT

Proportional to the iodine administration rate 

•Increasing iodine concentration of contrast medium 
•Increasing Injection flow rate (mL/s) 
•Amount of iodinated contrast delivered per unit time 
•Longer injection duration (larger volume of contrast) 



HIGHER CONCENTRATION OF IODINE 

14 HU            24HU               305HU         2769HU 

0.1 mg/ml   1.0 mg/ml         10 mg/ml     100 mg/ml 

Higher Iodine concentration increased

Arterial enhancement 



FLOW RATE 

Higher rate 
•Enhancement increases 

•Duration decreases 

Higher flow rate of CM 
increased arterial enhancement 

Routine injections rates 4-5 mL/sec 
•Needle sizes 

•Vein size 

Flow rates > 8 mL/s 
•Don’t result in greater enhancement 

•Pooling in central venous system, 

reflux into IVC 



INJECTION DURATION = CONTRAST VOLUME 

Simulated aortic enhancement curves 

(adult male, 70kg, 170cm). 

Varying injection durations of 350 mg/ml 

contrast at 3 cc/s. 

5 sec = 15 cc 

20 sec = 60 cc 

40 sec = 120 cc 
60 sec = 180 cc 

Longer injection duration increased peak arterial 
enhancement 



SALINE CHASER 

Pushes contrast in tubing and peripheral veins into 
veins 
•20 – 30 cc 

 Allows reduction in contrast volume 

 Increases peak attenuation 

 Reduced streak artifacts from veins and right heart 

 Simpler to implement with dual head injectors 





TYPE OF INJECTION:

I- Intra-venous contrast agent administration, including 
three methods:
A- Fixed scan delay technique (15-45s).

B- Test bolus injection technique.
C- Automated bolus-tracking technique  (Smart 

Prep, CARE Bolus, and Sure Start).

*Individual timing of contrast material injection (bolus 
tracking or test bolus injection) is mandatory to take 
advantage of phase-resolved image acquisition.



Test bolus

• Select target location from scout topogram.

• Inject small test-bolus

15 – 20 mL contrast

• Acquire low-dose dynamic scan at specified location 

during injection

• ROI in target structure

• Measure time-attenuation curve

Contrast material arrival time in aortic root





Bolus triggering

• Select trigger location

• Acquire reference image

Place ROI in vascular structure of interest

• Inject contrast bolus

• Acquire low-dose dynamic scans

• Monitor attenuation in ROI

• Start scan when desired threshold reached





II- Intra-arterial contrast agent administration:

• Invasive method.

• Performed with a combined angiography and CT 

unite.

• High concentration of contrast material can be 

obtained in intra-cranial arteries without consideration 

the appropriate timing of injection.

• Need small amount of contrast material.



IMAGE RECONSTRUCTION

To reduce image noise, images may be reconstructed 
slightly thicker than the detector collimation, for example 
with a 0.75-mm section thickness from a data set acquired 
with 0.6-mm detector collimation.

Overlapping image reconstruction should always be 
performed to improve 3D post-processing.

The reconstruction algorithm influences the spatial 
resolution in plane.

The ideal algorithm would combine low image noise and 
sharp edge definition, maintaining good low-contrast 
resolution.



Soft algorithm reduce image noise and allow smooth 
surfaces with rendering techniques, improving the 
visualization of aneurysms and vascular malformations. 

Sharper algorithm improve edge definition and reduce 
blooming effects from calcifications, necessary for stenosis 
measurements, at the expense of higher image noise.





IMAGE POST-PROCESSING TECHNIQUES

Several image processing techniques for CT angiography 
are currently being used clinically.

Image processing involves traditional operations such as: 

A- Multi-planar reformation (MPR) .
B- Maximum intensity projection (MIP). 
C- Shaded Surface Display (SSD)
D- direct volume rendering (dVR)



Multi-planar Reformation ( MPR ):

• MPR creates views in different planes without loss of 
original CT information.

• Only 2D views can be generated.
• If the CT data meet the requirements of isotropy, spatial 

resolution is similar to the original source images.
• Both diameter reduction and area reduction can be 

measured, and no information is suppressed in the final 
image.



• The quality of the reconstructions depends on the voxel 
size. With the use of isometric data(ie, voxels have the 
same depth, length, and height), all images are of the 
same quality as the basic source images.

• In contrast to MIP and the 3D methods discussed later, 
the reconstructed planes contain all information that is 
contained in the source images. Therefore, MPR should 
always be the method of first choice for the further 
examination of CT angiography data





• A variant of MPR is curved planar reformation.
• Curved planar reformation provides a 2D image that is 

created by sampling CT volume data along a 
predefined curved plane.

• This technique is employed to display tortuous 
structures.



Maximum Intensity Projection ( MIP ):

The term maximum intensity projection (MIP) means that 
from any given angle of view in which only the brightest 
voxels of a volume are collected and used to create an 
image.
Therefore, MIP is not a 3D method, as it creates 2D images 
in
which voxels from different locations within the volume 
are collapsed into one plane. Thus, depth information is 
lost and it is not possible to tell whether a structure is 
located in the front or back on the basis of a single MIP 
image. Because calcifications and bone are brighter than 
contrast material– filled arteries, it is possible to 



Sagittal (a), 
coronal(b), 
and 
axial (c) 
MPR images show a small aneurysm 
at the bifurcation of the right MCA 
(arrow).
Note the large intracerebral hematoma 
(arrowheads in a).



Sagittal (d), 
coronal (e), 
and axial (f) 
MIP images obtained with thin sections
of 20 mm show the aneurysm more clearly 
(arrow) and show the intracerebral 
hematoma as well (arrowheads in d).





Shaded Surface Display (SSD)

They require the user to define thresholds for the 
selection of voxels on the basis of their attenuation 
(measured in Hounsfield units). 

For SSD, typically upper and lower thresholds are 
defined and from a chosen angle of view the first layer of 
voxels with an attenuation within the defined parameters 
is displayed. 



• Therefore, the images show the surface of these structures and 
provide valuable information about the 3D shape of an object . 

• On the other hand, all structures are shown in the same color and 
information about the attenuation of a structure is lost completely.

• For example, it is not possible to see calcifications within an artery 
on SSD images.

• Setting the lower threshold to a low value (eg, 100 HU) will result 
in an image showing many vascular structures, including the 
veins and small arteries. When the lower threshold is increased 
(eg, to 200 HU), structures of low attenuation such as intracranial 
veins and small arteries will disappear completely and the major 
arteries will appear smaller.



3D visualization with SSD. (a) Superoposterior view obtained with a lower threshold of 
100 HU shows smaller arteries like the left PICA (arrow) and venous structures 
(arrowheads). 
(b) Superoposterior view obtained by increasing the lower threshold to 200 HU shows 
arteries that appear thinner compared with those in a and even demonstrate 
discontinuities (arrow). The venous structures are nearly eliminated (arrowheads), 
resulting in a less complex image.



Volume Rendering:

Direct volume rendering (dVR) is the most sophisticated method 
for 3D visualization. 

The basic principle is to select several groups of voxels according 
to their attenuation in Hounsfield units and to assign them a 
color and a so-called opacity.

When dVR is used to create CT angiograms, the voxels of high 
attenuation containing information about bony structures are 
selected separately from those voxels with an attenuation
between 100 and 300 HU containing information about contrast-
enhanced vascular structures. 



• This selection allows the creation of 3D images 
showing red arteries and white bone.

• Use of a low opacity can result in the creation of 
transparent objects (eg, it is possible to make 
intracranial arteries visible beneath a layer of skull 
bone).

• Selecting only a small group of voxels with a high 
opacity allows creation of a “virtual endoscopic” view 
in which the thin layer of voxels resembles the vessel 
wall.



Different possibilities for examining an aneurysm of the leftMCA with dVR. 
(a) Frontal image obtained without shading. 
(b) Frontal image obtained with shading (addition of an artificial light 
source), which gives the objects more depth.



(c) Frontal image obtained by selecting only a small group of voxels with a low 
opacity. The vessels appear transparent, thus allowing visualization of a branch 
of the MCA running behind the aneurysm (arrow).
(d) Left frontolateral transparent image allows the orifice of the feeding artery 
to be seen through the aneurysm (arrow).



(e) Frontal “virtual endoscopic” image, obtained by selecting only a small 
group of voxels with a high opacity, shows a pseudoconnection between the 
aneurysm and an adjacent artery (arrow). This “kissing vessel” artifact is a 
partial volume problem that is often seen on CT angiograms of intracranial 
aneurysms. 
(f) Antero-caudal image obtained with high opacity shows the close 
relationship of the aneurysm to the lower branch of the MCA (arrow).



ARTERIAL ANATOMY

Starts from aortic arch : Aortic arch 

Innonimate

artery 

Left common 

carotid 

Left 

subclavian





1.INNONIMATE ARTERY 

 A.k.a  Brachiocephalic trunk .

 1st vessel arising from the aortic arch .

Innonimate

artery 

Right subclavian

artery 

Right common 

carotid artery 





1A.RIGHT SUBCLAVIAN ARTERY 

Right subclavian artery  

Right 

vertebral 

artery 

Internal 

mammary artery 

Thyrocervical

trunk 

Costocervical

trunk 





1B. RIGHT COMMON CAROTID 

 Arises from proximal IA

 Only cervical part as it arises caudally  





2. LEFT COMMON CAROTID 

 2nd major branch from aortic arch

 Thoracic and cervical part –in thoracic it travels upwards through superior 
mediastinum to the level of left sternoclavicular joint and continues as cervical  

15.Left common 

carotid 

CCA bifurcates into ICA and 

ECA at midcervical level C3-

C6 level. 





3. LEFT SUBCLAVIAN ARTERY 

 Last branch from aortic arch 

 Major branches -

Left subclavian artery  

Left vertebral 

artery 

Internal 

mammary 

Thyrocervical

trunk  

Costocervical

trunk  





LEFT VERTEBRAL ARTERY 

 First branch of left subclavian artery

 Dominant in 50-60%

 In 25% right and left VA are equal in size  

11.Left vertebral artery 

14.Left internal 

mammary 



EXTERNAL CAROTID ARTERY 

 Smaller of the 2 carotids.

 Origin anterior and medial to ICA.  

 Supplies the extracranial structures. 

Internal carotid artery 

External carotid artery 

Common carotid artery 





INTRACRANIAL ARTERIAL ANATOMY

 Intracranial vasculature in two parts, the “anterior circulation” and the 
“posterior circulation.” 

 The anterior circulation consists of the intradural internal carotid artery 
(ICA) and its branches plus its two terminations, the anterior cerebral 
artery (ACA) and middle cerebral artery (MCA). 

 Both the anterior communicating arteries (ACoAs) and the posterior 
communicating arteries (PCoAs) are also considered part of the anterior 
circulation.

 The posterior circulation is composed of the vertebrobasilar trunk and its 
branches, including its terminal bifurcation into the two posterior cerebral 
arteries (PCAs).



INTERNAL CAROTID ARTERY 

Left CCA 
Right CCA 

Internal carotid- carotid 

bulb  

ECA 

3-D CTA 

• Origin -Lateral to 

ECA. 

• Can be divided into 

number of segments 

between the bulb 

and its bifurcation 

into MCA and ACA.





INTERNAL CAROTID ARTERY 

Cervical 

Intraosseous 

/ petrous

Lacerum 

Cavernous 

Intracranial / 

supraclinoid

Opthalmic 

Communicating  



POSTERIOR COMMUNICATING 
ARTERY 

•Arises – posterior aspect of 

intradural ICA just below  

anterior choroidal artery 

•Course – posterolaterally above 

the occulumotor nerve to join 

posterior cerebral artery 

•Branches – anterior 

thalamoperforating arteries 

•Supplies – optic chiasma, 

pituitary stalk , thalamus , 

hypothalamus. 



 Cerebral arteries 

 Vertebral artery 

 Basilar artery 



CEREBRAL ARTERIES

Distal ICA 

Anterior cerebral artery 

Middle cerebral artery 

Basilar artery 
Posterior 

cerebral artery 



ANTERIOR CEREBRAL ARTERY

 A1 horizontal segment 

 A2 vertical segment- Interhemispheric segment

 A3  Collosal segment  









ACA– ACOA COMPLEX 

 ACoA -Part of COW -not a true 
branch of ACA

 Branches – perforating 

 Supply –Lamina terminalis , 

Hypothalamus , Anterior 
commissure , Fornix, Septum 
pellucidum , Para olfactory 
gyrus , Subcellosal region , 
Anterior part of cingulate 
gyrus  



MIDDLE CEREBRAL ARTERY 

M1 horizontal 
Origin -Laterally from ICA 

bifurcation 

Till its bi/trifurcation at 

sylvian fissure. 

Br – Lateral Lenticulostriate

branch course superiorly

Anterior temporal artery 

Supplies-Lentiform nucleus

Part of IC , caudate nucleus 

M2 insular 

At its genu divides 

into branches 

Loop over insula 

pass laterally to exit 

from sylvian fissure 

M3 opercular

Emerge from 

sylvian fissure 

Ramify over 

hemispheric surface

Supplies –cerebral 

cortex and white matter   





Lateral 

•M1 horizontal 

•MCA bifurcation 

•M2 insular 

•M3 opercular 

CT



PCA origin from bifurcation of basilar artery in interpeduncular cistern.

Lies above occulomotar nerve. 

Circles midbrain above tentorium cerebelli.  

POSTERIOR CEREBRAL ARTERY 





VERTEBRAL ARTERY 

V1 Courses –Cephalad to enter 
transverse foramina at C6 

Ascend directly to C2 (V2)

Turns laterally and superiorly 
thro C1 vertebral foramina 

Looping posteriorly along atlas 
V3 extraspinal

Each VA passes superomedially
thro foramen magnum 

In Posterior fossa 

anterior to medulla (intradural ) 

VAs unite to form basilar artery 

From subclavian arteries

Left VA dominant 50% 









EXTRACRANIAL VA BRANCHES

1. V1-Small segmental spinal/ 
meningeal/ muscular branches. 

2. V2- Anterior Meningeal artery , 
muscular branches. 

3. V3 -Posterior Meningeal artery 

 Courses along posterior arch of atlas. 

 Supplies falx cerebri 

 Variant – origin from ECA / PICA. 

 Greatly enlarged with vascular 
malformations and neoplasms

Posterior meningeal artery 



INTRACRANIAL VA BRANCHES 

Vertebral artery  

Anterior spinal artery 

Joins ASA from opposite VA 

along anteromedial sulcus of 

cervical cord. 

Medial medullary

syndrome 

Posterior inferior 

cerebellar artery

Arises from distal VA 

Lateral medullary

syndrome 





CIRCLE OF WILLIS- CIRCULUS ARTERIOSUS

2ICAs 

Horizontal segment 

A1 of both ACAs

2 Posterior 

communicating 

arteries  

Anterior 

communicating artery 

Horizontal segment 

P1 of both PCA s

Basilar artery  



Interconnected arterial 

polygon 

Location – surrounds 

ventral surface of 

diencephalon,

adjacent to optic nerve 

and tracts, inferolateral 

to hypothalamus
Anterior 

circulation 

2 B/L ICAs

2ACAs 

Unpaired ACoA

anteriorly

Posterior 

circulation 
Basilar bifurcation 

from merged VAs

2PCAs from BAs

B/L PCoAs



3DVRT CTA MRA 

CT MRA 

1. A1

2. P1

3. PCo

A

4. ACo

A



COW – BRANCHES 

• Medial lenticulostriate arteries

• Recurrent artery of Heubner
ACAs

• Perforating branches – hypothalamus , optic 

chiasma , cingulate gyrus , corpus callosum , 

fornix 

• Large vessel – median artery of corpus callosum

arises from ACoA

ACoA

• Anterior thalamoperforating arteries PCoA

• Posterior thalamoperforating arteries 

• Thalamogeniculate arteries 

Basilar artery, 

PCAs

Supplies-

1.Optic 

chiasma 

and tracts 

2.Infundibulum 
3.Hypothala

mus

4.Base of 

brain 



Contrast enhanced CT venogram

(MDCTV) projected in multiplanar 

reformatted (MPR) images of the sagittal 

view (1a); coronal view (1b) and axial view 

(1c) showing normal anatomy of the 

cerebral veins and dural sinuses. SSS, 

superior sagittal sinus; ISS, inferior sagittal 

sinus; ICV, internal cerebral vein; VOG, 

vein of Galen; ST, straight sinus; RT, right, 
LT, left Transverse sinus.




