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Abstract
Introduction: C-arm Cone Beam CT (CBCT) is a technology that is being integrated 

into many of the newer angiography systems in the interventional suite. Due to its ability to 
provide cross sectional imaging, it has opened a myriad of opportunities for creating new 
clinical applications. We review the technical aspects, current reported clinical applications 
and potential benefi ts of this technology. Materials and Methods: Searches were made via 
PubMed using the string “CBCT”, “Cone Beam CT”, “Cone Beam Computed Tomography” 
and “C-arm Cone Beam Computed Tomography”. All relevant articles in the results 
were reviewed. Results: CBCT clinical applications have been reported in both vascular 
and non-vascular interventions. They encompass many aspects of a procedure including 
preprocedural planning, intraprocedural guidance and postprocedural assessment. As a 
result, they have allowed the interventionalist to be safer and more accurate in performing 
image guided procedures. There are however several technical limitations. The quality of 
images produced is not comparable to conventional computed tomography (CT). Radiation 
doses are also diffi cult to quantify when compared to CT and fl uoroscopy. Conclusion: 
CBCT technology in the interventional suite has contributed signifi cant benefi ts to the 
patient despite its current limitations. It is a tool that will evolve and potentially become 
an integral part of imaging guidance for intervention. 
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Introduction
C-arm Cone Beam CT (CBCT) is a relatively new 

technological advancement in the interventional suite 
which employs a fl at panel angiographic system to produce 
computed tomography (CT) like cross sectional multiplanar 
and three-dimensional (3D) images. It brings a higher level 
of confi dence and accuracy to the interventionalist by 
allowing the manipulation of imaging data in new ways.1, 2

The fi rst adaptation of CBCT into potential clinical use 
began at the Mayo Clinic Biodynamics Research Laboratory 
in 1982.3 At that time, its development focused mainly on 
the visualisation of high contrast structures such as bone and 
contrast in vessels. In 1999, the fi rst linear accelerator with 
an integrated CBCT system was developed to guide radiation 
therapy.4 In 2001, the fi rst commercially available CBCT 
system (NewTom QR DVT 9000; Quantitative Radiology, 
Verona, Italy) showed its potential in dentomaxillofacial 
imaging.5 The detailed cross sectional images were useful 

in solving complex diagnostic and treatment planning 
problems such as in dental implants, orthodontics and 
complex craniofacial fractures.6-10 All this was performed 
in the dental offi ce without having to scan the patient 
separately in a conventional CT scanner.

The initial adaptation of CBCT in the interventional suite 
was better known as ‘3D angiography’. This implementation 
enabled only visualisation of bone and vessels with contrast. 
Although this was a signifi cant step in angiographic 
imaging, improved computational algorithms and computer 
processing power soon enabled the visualisation of even 
low contrast soft tissue structures. This resulted in CBCT 
as we know it today.

In this paper, we review the technical aspects and the 
current clinical applications of CBCT in interventional 
radiology and discuss the potential benefi ts of this new 
technology.
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Technical Aspects
Technical Construct

CBCT has become available in the interventional suite as 
older angiography machines with image intensifi ers have 
been replaced by new angiographic units using fl at panel 
detectors made from cesium iodide (CsI) scintillators. As 
shown in Figure 1A, aside from the detector, the construct 
of the angiographic machine consists of a C-arm, an X-ray 
source and the patient table. Image processing is performed 
by backend computer systems that receive data directly from 
the angiography machine. Image viewing and manipulation 
is then performed by frontend computer systems that receive 
the processed data from the backend systems. 

Another commercially available system which also 
performs cross sectional imaging in the interventional suite 
is the hybrid CT angiography system. It however differs 
from a CBCT system in that it has an additional conventional 
CT machine which when placed in the interventional suite 
would take up additional space.

Imaging
Imaging with CBCT involves 2 phases, namely image 

acquisition and image reconstruction. 
Image acquisition involves the projection of a cone shaped 

(wide collimation) X-ray beam from the X-ray source 
onto the fl at panel X-ray detector (Fig. 1B). At the same 
time, the X-ray detector and X-ray source rotate around 
the patient taking multiple images which are sent to the 
backend computer systems for processing. With CBCT, a 
complete data volume set is acquired in one single rotation. 

In contrast, a conventional CT machine emits a fan-shaped 
X-ray beam of narrow collimation which requires multiple 
rotations around the patient in successive slices to acquire 
the same data volume set.

Image reconstruction involves conversion of received 
data by backend computer systems into 3D images via a 
backprojection algorithm modifi ed from the initial work 
described by Feldkamp.11 This is a more complex and time 
consuming process as the data sets are acquired through 
a cone beam projection in contrast to a fan beam used in 
conventional CT. Thus, a CBCT system requires about 1 
minute for image reconstruction in contrast to conventional 
CT which processes the data in almost real-time.

The converted 3D image data is then sent to frontend 
systems that consist of computer workstations that can be 
manipulated by the radiographer or interventionalist. On 
the workstation, the images can be visualised in multiplanar 
reconstruction formats similar to conventional CT images. 
The images can also be volume rendered in 3D (volume 
rendering technique (VRT)) to give the interventionalist 
a better spatial sense of the targeted lesion. Further 
advancements in software and hardware technology have 
also made it possible to mark the targeted lesion and plan a 
trajectory on the workstation. The information can then be 
superimposed on the fl uoroscopic image in the interventional 
suite to guide the approach to the lesion.

Limitations
A signifi cant difference between a CBCT system and a 

conventional CT is the increased scatter generated in the 
former due to the wider collimation of a cone beam.12 The 
resultant degradation of image quality is due to loss of 
signal to noise ratio, increased artifacts and inaccuracies 
in CT number calculations (Hounsfi eld units). There are 
potential solutions to reduce the amount of scatter, but none 
of them are comprehensive at present. An example of an 
existing method to reduce scatter is the employment of anti-
scatter grids and air gaps which are used in fl uoroscopy and 
general radiography. In a CBCT system, this method has 
shown to signifi cantly reduce X-ray scatter, thus improving 
the accuracy of CT numbers, reducing streak artifacts and 
increasing the signal to noise ratio. However, the resultant 
increase in radiation dose to the patient indicates that there 
is still much room for improvement.2

In addition, CsI scintillators used in the X-ray detectors 
of a CBCT system also have a longer lag (afterglow) when 
compared to the ceramic detectors used in conventional CT. 
This results in reduced number of images taken per image 
acquisition, which further contributes to streak artifacts. 
Motion artifacts are also more prominent due to increased 
acquisition time.

Fig. 1. (A) is a diagrammatic representation of a typical construct in a CBCT 
system. (B) is a diagram showing the difference in X-ray geometry of CBCT 
and conventional CT.



November 2013, Vol. 42 No. 11

587  C-arm Cone Beam CT: A New Tool—Santhosh Rai et al 

Radiation Dose
The topic of radiation dose in CBCT is a complex one. 

There is no standardised way to compare doses between 
a CBCT system and conventional CT. The dose length 
product (DLP) used in a CBCT system does not correlate 
with CT dose index (CTDI) used in conventional CT due to 
differences in the X-ray beam geometry. Theoretically, as 
the collimation in CBCT is wider than in conventional CT, 
the radiation doses are potentially higher. Several studies 
have attempted to compare patient doses using phantoms 
and their results have been variable. Hirota et al showed 
that when compared to a single slice CT, radiation doses 
in CBCT were lower.13 Koyama et al however showed that 
radiation doses were similar between multi slice CT and 
CBCT.14 More recently, Suzuki et al showed that radiation 
doses were also variable between systems by different 
vendors and also between different sized phantoms.15

Since the purpose for the use of CBCT is to reduce 
procedural time by making available cross sectional imaging 
for interventional guidance, the overall radiation dose could 
potentially be lower. However, if used injudiciously, it could 
still result in overall higher radiation doses. Thus its use and 
impact in clinical practice should be investigated further.

Clinical Applications
Interventional procedures can broadly be divided 

into vascular and non-vascular interventions. Vascular 
intervention involves procedures performed via the arteries 
and veins such as embolisation, angioplasty and stenting. 
Non-vascular intervention encompasses procedures that 
are performed percutaneously or endoluminally in organ 
systems beyond the vascular system such as biopsies, 
drainages and nephrostomies. In both types of intervention, 
CBCT enhances the accuracy and safety, and potentially 
reduces procedural time. This is further aided by software 
and hardware which dynamically guide needle or catheter 
positioning. 

CBCT also allows immediate post-treatment assessment 
and detection of procedure related complications without 
having to move the patient to a conventional CT machine. 
This saves time and potentially enables faster initiation of 
treatment modifi cations and management of complications. 

Another indirect benefi t of CBCT is the potential for 
lower contrast use. This is primarily due to reduced 
catheter manipulation time compared to using standard 
2-dimensional angiographic images alone to plan and 
guide treatment.

Non-vascular Intervention
Accurate percutaneous targeting of a lesion by image 

guidance is an important aspect of non-vascular intervention. 

Additional information in the form of cross sectional imaging 
allows the interventionalist a higher level of confi dence and 
accuracy in planning the needle trajectory. To illustrate, CT 
guided transthoracic lung biopsy is a common procedure 
performed by the interventionalist on a conventional CT 
machine. Recent publications on CBCT guided lung biopsies 
have shown comparable results to CT, with sensitivity, 
specifi city and diagnostic accuracies of 90%, 100% and 
91.7%, respectively.16 Percutaneous spinal interventions 
have also benefi ted from CBCT’s enhanced accuracy. 
Technical success rates of 75% to 100% have been reported 
for vertebroplasties using needle guidance software.17 

Various other spine and pelvic procedures have benefi tted 
from CBCT as well, including biopsies (Fig. 2) and abscess 
drainages.18,19 CBCT has also been used to guide therapy for 
spinal osteoid osteomas both for placement of paraspinal 
fi ducial markers and for radiofrequency ablation.19,20

The use of CBCT has extended to other areas of the body 
as well. In cases where a lesion is not well demonstrated 
on ultrasound (US), CBCT offers an additional option to 
conventional CT. For hepatic tumours that are too deep 
for optimal US visualisation, CBCT can be helpful in 
targeting these lesions for radiofrequency ablation.21 For 
renal biopsies, CBCT helps the visualisation of lesions and 
allows the procedure to be performed with needle guidance 
software.22 

New ways to guide procedures such as percutaneous 
gastrostomy catheter insertion have also been made possible. 
Conventionally, it is performed under fl uoroscopic and 
ultrasound guidance only. However, with multiplanar cross 
sectional images available with CBCT, the exact location 

Fig. 2. Sacral biopsy. (A) CBCT cross sectional images together with 
software guided needle positioning were used to plan the target in the 
left sacral ala for biopsy. (B) Three-dimensional MIP sagittal view shows 
the needle position in a view similar to what is expected on fl uoroscopy. 
(C) During needle positioning, the C-arm is moved to the bull’s eye view 
for needle placement. (D) Once the needle is placed halfway through the 
skin, the C-arm is then moved to the needle progression view to assess 
the needle depth.
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of the stomach can be determined and percutaneously 
punctured using needle guidance that is projected on 
live fl uoroscopy.23 Another similar application involves 
percutaneous access of an obstructed biliary system for 
drainage after a surgical hepaticojejunostomy. Using CBCT, 
the roux-limb that has been fi xated to the anterior abdominal 
wall can be localised and punctured for subsequent 
retrograde placement of a biliary drainage catheter across 
the strictured hepaticojejunostomy (Fig. 3). 

CBCT is also able to provide an immediate assessment 
of the completeness of interventional treatment that is 
more accurate than 2-dimensional fl uoroscopic images 
alone. For example, in vertebroplasty, the distribution of 
cement within the treated vertebra can be assessed in the 
interventional suite.24

Early assessment of procedural complications is another 
important advantage of CBCT. For vertebroplasty, CBCT 
showed a 91% detection rate of cement leak when compared 
to conventional CT.24 For lung biopsies, pneumothoraces 
could also be detected even when they were too small to 
be seen on fl uoroscopy alone.25

Vascular Intervention
In vascular intervention, the fi rst application of CBCT was 

described in neurointervention, with the report of the use 
of CBCT to assess for suspected intracranial hemorrhage 
in 3 cases intraprocedurally.26 In 2 of the cases where 
intracranial haemorrhage was detected, earlier diagnosis 
and management was possible without moving the patient 

to a conventional CT machine. Diagnostic angiography 
for neurointerventional treatment planning also benefi tted 
from CBCT’s ability to characterise lesions better. For 
example, better assessment of carotid cavernous fi stulas 
(CCF) and spinal dural arteriovenous fi stulas (SDAVF) 
enabled the treatment choice between endovascular or 
surgical techniques to be made.27,28 Recently, CBCT has been 
shown to provide better assessment of stent deployment in 
intracranial stenting.29 Immediate post-stenting problems 
such as mal-apposition, calcifi cation along the stented 
segment and fi lling defects within the stent could be detected 
and treated accordingly.

The use of CBCT in vascular intervention has expanded 
to other areas of the body. One of the main advantages 
of CBCT is that it is able to identify a target lesion 
accurately. Two fairly common procedures performed in 
the interventional suite today for the treatment of hepatic 
tumours are transarterial chemoembolisation (TACE) 
and hepatic Yttrium-90 (Y90) infusion,30,31 both of which 
involve the arterial infusion of a target lesion within the 
liver using various agents. Certain lesions that are not 
well demonstrated on digital subtraction angiography 
(DSA) are better appreciated on CBCT (Fig. 4). Accurate 
catheterisation of the tumour feeding artery is also enhanced 
by 3D vascular mapping available through CBCT. This 
avoids multiple DSA runs in various projections and helps 
reduce procedural time, contrast load and radiation exposure.  
Non-hepatic tumour embolisation procedures such as for 
pancreatic head tumours and renal metastases, have also 
benefi ted in the same way.32

Fig. 3. A 62-year-old male, post hepaticojejunostomy with recurrent cholangitis. (A, B) Conventional CT images showing dilated bile ducts 
with an air fl uid level compatible with obstruction and cholangitis. Afferent limb of the Roux-limb (circle) is fi xed to the anterior abdominal 
wall. (C) With CBCT and software guided needle positioning, the exact location of the Roux-limb was determined and punctured. This was then 
confi rmed with contrast injection (D) and CBCT (E). (F) Final cholangiogram shows the biliary drain catheter to be satisfactorily positioned.
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Avoiding the delivery of drugs and embolic material into 
non-target organs in vascular intervention is of paramount 
importance. In TACE and Y90 infusion therapy, non-target 
vessels such as the gastroduodenal artery (duodenum), right 
gastric artery (stomach) and the accessory left gastric artery 
(stomach) (Fig. 5) can be confi dently demonstrated by CBCT 
and safely avoided or embolised prior to delivery of the drug 
or infusion.33 Similarly in bronchial artery embolisation, 
identifi cation of spinal artery supply is important to avoid the 
complication of spinal cord infarction. When spinal artery 
supply is suspected, CBCT is able to assess this further by 
providing a more detailed 3D vascular map (Fig. 6).

A signifi cant portion of time taken during an interventional 
procedure involves intraprocedural treatment planning. 
CBCT has been especially helpful in TACE for hepatic 

tumours that have multiple arterial supply. It can show a 
distribution map of each arterial supply to the tumour so 
that the appropriate chemoembolic dose can be titrated for 
each artery.34 Partial splenic embolisation for the treatment 
of hypersplenism has also benefi tted from CBCT where 
good outcomes were shown when 60% to 70% of the spleen 
was intentionally infarcted.35 

CBCT similarly is able to assess the completeness of 
treatment while the patient is still in the interventional suite. 
In TACE, treatment coverage can be assessed by imaging 
the distribution of lipiodol uptake within the tumour.33,36 For 
endovascular aortic repair (EVAR), stent apposition to the 
aortic wall and the detection of endoleaks can be imaged 
as well.37 Following deployment of an inferior vena cava 
(IVC) fi lter, DSA alone may not be adequate in assessing 

Fig. 4. Patient with history of hepatocellular carcinoma with a new hypervascular 
nodule at the dome in segment 7 detected on diagnostic 3 phase CT of the liver. (A) 
DSA of the right hepatic artery during TACE could not demonstrate the nodule. 
(B) CBCT with intra-arterial contrast injection through the catheter demonstrated 
the nodule (arrow) clearly and embolisation was subsequently performed.

Fig. 5. A 59-year-old man with hepatocellular carcinoma (HCC) referred for Y-90 radio-embolisation. (A) Diagnostic CT showed the HCC 
to be in segment 2/3 (white arrowhead) of the liver. (B, C) DSA images showed the left hepatic artery (black arrowhead) arising from the 
common hepatic artery. Two areas of contrast blush were noted on DSA (white arrows) and it was uncertain whether both represented 
tumour or not. (D, E) CBCT showed that the upper contrast blush was enhancement of the gastric mucosa from an accessory left gastric 
artery arising from the left hepatic artery. (F) The accessory gastric artery was subsequently embolised in view of treatment with Y-90.
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fi nal fi lter position.  With CBCT, this assessment is clearer 
and helps decide if there is need for repositioning (Fig. 7).

CBCT has a myriad of other potential clinical applications 
in the vascular arena. Its use has been reported in procedures 
such as portal vein embolisation, insertion of translumbar 
IVC central venous catheters,38 and injection sclerotherapy 
for slow fl ow vascular malformations.39 

Future Direction and Challenges
Many vendors are incorporating CBCT into their 

angiographic systems with various trade names. One of the 
strongest benefi ts in terms of equipment procurement is that 
CBCT only involves 1 machine being in the interventional 
suite as compared to 2 in a hybrid CT angiography system. 
Besides needing a smaller room than a hybrid system, a 
CBCT system should cost less to run and maintain in the 
long term. Improved logistics is also expected as CT guided 
procedures can be performed in the interventional suite, 
freeing the conventional CT equipment for diagnostic work.  

There are still challenges that CBCT faces prior to wider 
acceptance in interventional radiology practice. Some of the 
limitations however, such as inaccuracies in CT number and 
image artifacts do not signifi cantly affect the performance of 
an interventional procedure. Imaging capabilities of current 

commercially available systems are more than adequate 
to guide procedures, and provide on table pre- and post-
procedural assessment. However, further improvement in 
imaging capabilities is expected as software and hardware 
technology continue to advance.

CBCT imaging times can also be further improved. 
Although patient need not be moved to a conventional CT 
machine, the overall time taken to acquire and reconstruct 
images is still longer than that taken by conventional CT. 
Nevertheless, with increased familiarity and continued 
improvement in workfl ow, CBCT imaging should become 
more effi cient.

Another challenge that concerns CBCT is radiation dose, 
which has been discussed earlier in this article.  The overall 
impact of the use of CBCT in clinical practice on radiation 
dose to the patient is still unclear, and more work is needed 
to further assess this.

Conclusion
CBCT has brought a new dimension of visualisation into 

the interventional suite. Although there are still challenges, 
current systems provide the interventionalist with images 
not obtainable with fl uoroscopy, DSA or US. These images 
have allowed the interventionalist to be safer and more 

Fig. 6. A patient with haemoptysis was referred for bronchial artery embolisation (BAE). (A) On DSA, there are 2 right intercostal arteries arising from 
a common origin. With DSA alone, it was diffi cult to determine if any of these vessels were supplying the right apical lung. Of note (white arrowheads), 
were tiny suspicious vessels that were coursing towards the midline. These were indeterminate for supply to the spinal cord. On CBCT, both intercostal 
arteries were demonstrated exquisitely. The lower one (B) did not show any supply to the lung (black arrowheads), however the upper branch (C) was 
supplying the right lung apex. (D) Zoomed up view of (A) shows the suspicious vessels coursing towards the midline (circle). On CBCT (E, F) it was 
shown to be arising from the superior intercostal branch (circle) but did not supply the spinal cord. Patient was subsequently treated with selective 
embolisation of the branch that was supplying the lung.
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accurate. CBCT has also increased the fl exibility of the 
interventional suite by enabling CT guided procedures to 
be performed. It however will not replace conventional CT 
machines for diagnostic imaging.

CBCT technology will continue to evolve and improve. 
It is a new tool that will potentially become an integral 
component of the imaging equipment in the interventional 
suite.

Fig. 7. Insertion of an IVC fi lter.  (A) Initial insertion from a right common femoral vein approach resulted in very oblique deployment of the fi lter 
in the IVC. This was better demonstrated on CBCT multiplanar and 3D reconstructions (B-G). It showed that the hook at the apex of the fi lter was 
indenting the caval wall signifi cantly. Decision was thus made to retrieve the fi lter and redeploy it from a transjugular approach with a more central 
fi nal position (H).
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