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Abstract C-Arm cone-beam computed tomography

(CACT), is a relatively new technique that uses data ac-

quired with a flat-panel detector C-arm angiography system

during an interventional procedure to reconstruct CT-like

images. The purpose of this Technical Note is to present

the technique, feasibility, and added value of CACT in five

patients who underwent abdominal transarterial chemo-

embolization procedures. Target organs for the chemo-

embolizations were kidney, liver, and pancreas and a

liposarcoma infiltrating the duodenum. The time for patient

positioning, C-arm and system preparation, CACT raw data

acquisition, and data reconstruction for a single CACT

study ranged from 6 to 12 min. The volume data set pro-

duced by the workstation was interactively reformatted

using maximum intensity projections and multiplanar

reconstructions. As part of an angiography system CACT

provided essential information on vascular anatomy, ther-

apy endpoints, and immediate follow-up during and

immediately after the abdominal interventions without

patient transfer. The quality of CACT images was suffi-

cient to influence the course of treatment. This technology

has the potential to expedite any interventional procedure

that requires three-dimensional information and navigation.

Keywords Interventional radiology � Imaging guidance �
Angiographic C-arm CT � Abdominal interventions �
Chemoembolization.

Introduction

The safety of local chemotherapy and chemoembolization in

the abdomen depends largely on accurate visualization of

both the soft tissue and the vascular anatomy. The exact

knowledge of the vessels that feed a tumor is essential for

therapy that exclusively targets a tumor with only minimal

collateral damage. This is especially important in patients

who are treated for palliation rather than for cure. One way to

control the catheter position for a targeted therapy is to

perform CT angiography while injecting contrast through a

catheter positioned in a vessel that feeds the tumor (IA-CTA)

[1, 2]. However, moving patients from the angio to the CT

table is time-consuming and presents the risk of catheter

dislocation even in hybrid systems that combine a CT

scanner and an angiography system in one suite [1]. In

addition, such combination suites are controversial as far as

performance, cost, and efficiency go.

Cone-beam volume CT, or angiographic C-arm CT

(CACT), facilitates acquisition and reconstruction of CT-

like images using a flat-panel angiography system without

patient transfer. CACT allows a contrast resolution of 10

HU as well as a slice thickness and in-plane resolution of

<1 mm. In cases of arterial embolization the combination

of CACT and intra-arterial contrast injection through the

catheter already in position can easily be performed with-

out any patient movement.

The purpose of this Technical Note is to present the

technique and assess the feasibility of abdominal CACT data

acquisition and reconstruction as well as to evaluate the

added value of CACT images for abdominal interventions.
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Materials and Methods

The study was approved by the institutional review board,

and written informed consent was obtained from each pa-

tient prior to the intervention. All patients were scheduled

for transarterial chemoembolization (TACE). Three dif-

ferent abdominal interventions with different target organs

were selected for this pilot study. The CACT was per-

formed in the course of the intervention. Two attending

radiologists assessed in consensus whether CACT images

provided relevant information that changed the course of

the interventional treatment.

Technique

All interventions were performed on a biplanar angiogra-

phy system (AXIOM Artis dBA; Siemens Medical Solu-

tions, Forchheim, Germany) equipped with a 30 · 40-cm

flat-panel detector. The CACT runs were obtained using

the 10s1k preset (DynaCT; Siemens Medical Solutions)

with an acquisition time of 10 s, a total scan angle of 222�,

a projection increment of 0.8�, a 1k-matrix, a zoom of 0, a

field of view (FOV) of 48 cm, and a system dose per pulse

of 0.36 mGy. The raw data sets from the angiographic C-

arm system were sent to a dedicated external workstation

(X-Leonardo; Siemens Medical Solutions) and recon-

structions were performed to generate the CACT images.

The volume data set produced by the workstation had a

typical voxel size of 0.4 mm. For all reconstructions we

used the ‘‘bone smooth’’ reconstruction kernel with a large

FOV and artifact reduction as recommended by the man-

ufacturer of the angiographic system for abdominal CACT

images. Using these parameters, the time for CACT image

reconstruction ranged between 3 min 40 s and 5 min 10 s.

Immediately after reconstruction, the images were dis-

played on the external workstation as well as in the

angiographic suite in three orthogonal planes. In addition,

the data set was reformatted interactively using maximum

intensity projections (MIPs) and multiplanar reconstruc-

tions (MPRs) with a slice thickness of 5 mm. Window and

level settings could be adjusted individually during view-

ing and manipulation in orthogonal and oblique planes.

Patients

Patient 1

A 44-year-old man who suffered from an ocular melanoma

was treated with radiotherapy 6 months prior to the inter-

vention. An MRI (Magnetom Avanto 1.5T; Siemens

Medical Solutions) was performed 3 weeks prior to the

intervention consisting of T2-weighted turbospin echo

(respiratory triggered; TR/TE, 2760/100 ms; slice thick-

ness, 5 mm), T1-weighted gradient echo (breath-hold; TR/

TE, 106/4.8 ms; slice thickness, 5 mm), and three-dimen-

sional (3D) gradient echo sequences (TR/TE, 5.6/2.9 ms;

slice thickness, 3 mm; acquired prior to and 15, 60, 120,

and 600 s after injection of 0.2 ml/kg Gd-DTPA; Magne-

vist, Schering, Berlin), which revealed hepatic and renal

metastasis (Fig. 1a). The patient was scheduled for TACE

of his liver metastasis. In addition, selective chemoembo-

lization of a renal metastasis that extended to the renal

capsule was planned for pain management. A preinter-

ventional CACT of the upper abdomen was performed in

the portal-venous phase with a C-1 catheter in the superior

mesenteric artery (SMA). The contrast agent (20 ml Iom-

eprol; Bracco, Milano, Italy) was diluted with 20 ml saline

for an iodine concentration of 150 mg /ml and administered

at a flow rate of 3 ml/s with an injection-to-scan delay of 20

s (Fig. 1b). The left kidney was catheterized and the artery

that supplied the renal metastasis at the left upper pole was

selectively embolized for pain treatment. To assess the

perfusion defect in the left kidney after chemoemboliza-

tion, an CACT run was performed (C-1 catheter in the left

renal artery; 15 ml Iomeprol diluted with 15 ml saline, for

an iodine concentration of 150 mg /ml; flow, 2.5 ml/s;

delay, 3 s). The perfusion defect showed complete cover-

age of the metastasis (Figs. 1c and d) and the procedure

was terminated. The patient was discharged 2 days after the

procedure pain free without undergoing an additional

contrast-enhanced multidetector-row helical CT (MDCT).

Patient 2

A 37-year-old women presented with a neuroendocrine

tumor of the body of the pancreas and hepatic metastases

that were diagnosed 2 weeks prior to the intervention on

MDCT (Somatom Emotion 6, Siemens; arterial and portal-

venous phase; collimation, 6 · 4 mm; 120 kV, 183 mA).

Due to the age of the patient and the lack of other thera-

peutic options including surgery, transarterial chemother-

apy was recommended by our institutional tumor board. To

assess the feeding vessels of the tumor, digital subtraction

angiograms of the celiac trunk and the SMA were obtained

(Fig. 2c). A major tumor-feeding vessel was identified

arising from the SMA. To confirm that this vessel was

exclusively feeding the tumor, without any side branches

going to the small bowel, an CACT run was performed (C-

1 catheter in the SMA; 15 ml Iomeprol diluted with 30 ml

saline, for an iodine concentration of 100 mg /ml; flow, 4

ml/s; delay, 3 s). MPR and MIP projections of the CACT

images (Figs. 2d–f) showed both the branches of the SMA

that fed the tumor and the opacified parenchyma of the

tumor. Based on these images, a selective catheter position

was obtained in the tumor-feeding SMA branch and

local chemoembolization was performed using 80 mg of
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cisplatin mixed with 450 mg of starch microspheres

(Fig. 2g). The patient presented with moderate pain that

was treated overnight, and she was discharged without

further complications 2 days after the procedure.

Patients 3 and 4

A 72-year-old woman and a 68-year-old man both suffered

from hepatocellular carcinoma diagnosed prior to the

intervention by MDCT, contrast-enhanced ultrasound, and

needle biopsy. The angiography performed prior to the

TACE showed anatomical variants of the liver arteries. In

both patients branches of the left gastric artery were

feeding the left liver lobe. To further clarify the anatomy of

the different branches coming off the left gastric artery

(Fig. 3) that could not be comprehensively determined by

one digital subtraction angiography (DSA) projection

alone, and to visualize the liver lesions in relation to the

hepatic arteries, we decided to perform an arterial and

portal-venous CACT run in both patients (arterial run, C-1

catheter in the celiac trunc, 15 ml Iomeprol diluted with 30

ml saline for an iodine concentration of 100 mg/ml, 4 ml/s

flow, 3 s delay; portal-venous run, C-1 catheter in the

SMA, 15 ml Iomeprol diluted with saline for an iodine

concentration of 150 mg /ml, 4 ml/s flow, 20 s delay). In

the female patient, the CACT showed segmental partial

thrombosis of the portal vein, which was initially not

diagnosed on biphasic MDCT (Somatom Sensation 16,

Siemens; arterial and portal-venous phase, 16 · 0.75-mm

collimation, 1-mm slice thickness, 120 kV, 180 mA) ac-

quired 1 day prior to the procedure, but was confirmed

retrospectively after reviewing the MDCT images (Figs. 3a

and b). To clarify the left hepatic artery anatomy, thin-slice

MIP of the arterial phase CACT images was used, which

facilitated not only the hepatic branches of the left gastric

artery but also the branches that were feeding the stomach

and the diaphragm (Figs. 3e and f). Therefore, the optimal

catheter position could be determined without selective

catheterization of these branches. Both patients tolerated

TACE of the liver without any complications and were

discharged 1 day after the procedure.

Patient 5

A 78-year-old man suffered from an abdominal liposar-

coma that could not be completely resected during surgery.

Fig. 1 Chemoembolization of a renal metastasis. A Coronal

T1-weighted fat-saturated postcontrast MRI, acquired prior to the

intervention, shows hepatic metastases and renal metastasis in the

upper third of the left kidney (arrow). B CACT of the upper abdomen

in the portal-venous phase. Disseminated hepatic metastases and renal

metastasis in the upper third of the left kidney (arrow). C, D CACT

images acquired after chemoembolization of the left kidney. The

perfusion defect in the upper pole of the kidney can clearly be

appreciated. A segmental artery feeding the upper pole is still

opacified (black arrow). CACT allows differentiation of the perfusion

defect (black arrowhead), metastasis (white arrowhead), and the

normally perfused renal parenchyma (asterisk). Note the excellent

visualization of the small left adrenal gland vein (white arrow)
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Ten weeks after resection, MDCT (Somatom Sensation 16,

Siemens; arterial and portal-venous phase, 16 · 0.75-mm

collimation, 1-mm slice thickness, 120 kV, 180 mA) re-

vealed an abdominal mass in close proximity to the duo-

denum suggestive of duodenal wall infiltration (Fig. 4a).

Systemic chemotherapy was started. During the first che-

motherapy session intermittent GI bleeding was observed.

A duodenoscopy showed bleeding ulcers that were related

to direct tumor infiltration of the duodenal wall. In the first

step, digital subtraction angiograms of the celiac trunk and

the SMA were obtained, which were inconclusive for the

identification of tumor-feeding vessels (Fig. 4e). To iden-

tify the tumor-feeding mesenteric branches that could not

be comprehensively determined by one DSA projection

alone and to visualize the tumor in relation to the feeding

arteries, we decided to perform an arterial CACT run (C-1

catheter in the SMA, 15 ml Iomeprol diluted with 30 ml

saline for an iodine concentration of 100 mg /ml, 4 ml/s

flow, 3-s delay; Fig. 4c and d). With CACT, three arteries

coming off the SMA could be identified that were feeding

the tumor exclusively. After subsequent positioning of a

microcatheter in these branches, embolization of the tumor

was performed with microembospheres. Embolization was

well tolerated. GI bleeding in the duodenum was not

observed during endoscopy on the day after the interven-

tion and systemic chemotherapy was continued.

Fig. 2 Local chemotherapy of

the pancreas. A MDCT of the

abdomen 2 weeks prior to the

local chemotherapy shows a

large tumor mass in the

pancreatic body (arrowhead). B
Axial arterial CACT with the

catheter located in the SMA.

Inhomogeneous contrast

enhancement of the pancreatic

tumor (arrowhead). C, D DSA

and coronal arterial CACT of

the SMA showing the blood

supply of the tumor. Two

proximally arising branches of

the SMA (arrowhead and arrow)

are feeding the tumor. The

position of the arteries in

relationship to the tumor

(asterisk) can be better

appreciated with CACT (D). E
On curved multiplanar

reconstruction of the CACT

images, the upper tumor-feeding

artery can be identified as the

inferior pancreatic artery (white

arrowhead in C and D) with

distal anastomoses to the splenic

artery. F The curved

multiplanar reconstruction

along the second artery (white

arrow in C and D) proves that

this is the middle colic artery

that extends to the left colonic

flexure. G Selective DSA run

with the catheter positioned in

the inferior pancreatic artery

that was selected for local

chemotherapy
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Results

In this pilot study acquisitions of contrast-enhanced CACT

runs were obtained for all patients without technical diffi-

culties. The time to perform a single CACT study during an

intervention ranged from 6 to 12 min. This includes patient

positioning, C-arm and system preparation, data acquisi-

tion, and data reconstruction. CACT images provided

additional findings that changed the course of the proce-

dures as follows. In one patient, one segmental partial

thrombosis of the portal vein was detected that was not

initially diagnosed on MDCT but could be delineated when

reviewing the images after obtaining the results of the

portal-venous CACT images. In the last two cases, in

which the vessel anatomy was essential to planning tar-

geted treatment, MIP of the CACT images proved instru-

mental not only to understanding the three-dimensional

anatomy but also to appreciating the relationship of the

relevant soft tissue structures to the respective vessels.

Most of the information CACT provides could also be

obtained by performing additional DSA runs or selective

catheterization of tumor-feeding or accessory arteries.

However, it seems that based on our very limited experi-

ence so far, CACT might be able to provide the same

information without the need to perform selective cathe-

terization, which might require a microcatheter as well as

extra time. In addition, CACT provides soft tissue infor-

mation that is not provided by DSA alone. Although CACT

images showed mild truncation and streaking artifacts in all

patients and were not of the quality of conventional CT,

they were sufficient to influence the course of the treatment

in all cases.

Discussion

As long as 25 years ago, the advantages of both IA-CTA

and CT during arterial portography (IA-CTAP), over

conventional CT, were demonstrated [3, 4]. The basic

principle of both methods relies on selective delivery of

Fig. 3 TACE of the liver. A, B
Coronal MPR (3 mm) of the

MDCT (A) and the CACT (B),

both in the portal-venous phase.

The disseminated hepatic

metastasis as well as the

segmental partial thrombosis of

the portal vein (arrow) can be

better appreciated with CACT.

C DSA shows the left hepatic

artery feeding liver segments 2,

3, and 4 (arrow) coming off the

prominent left gastric artery. D
Enlarged view of the DSA

shown in C. Clear classification

of the three proximal side

branches of the left gastric

artery could not be achieved on

a single projection. E, F
Coronal curved MPR of the

CACT, with simultaneous

presentation of both the soft

tissue and the arteries, facilitates

clear identification of the gastric

branches (white arrowhead in D

and E), a phrenic branch (black

arrowhead in D and E), and a

hepatic branch (black arrow in

D and F) feeding liver segments

2 and 3. Based on these

findings, the catheter for

chemoembolization of the left

liver lobe was positioned at the

arrowhead shown in C. St,

stomach; Ao, aorta; L, liver; Sp,

spleen; H, heart
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contrast material to the liver via the hepatic artery and the

portal vein. This is achieved by placing an angiographic

catheter with the tip in the hepatic artery or the SMA.

Both methods can provide excellent conspicuity of he-

patic tumors [4–11]. The benefit of IA-CTA was also

reported for local arterial chemotherapy of nonresectable

pancreatic tumors. In such cases, IA-CTA facilitates

correct positioning of the catheter in the tumor-feeding

vessel. Due to the fact that the arterial supply of the

pancreas varies widely, this of the utmost importance in

order to avoid adverse effects such as pain and necrosis

due to bowel involvement [12]. Acquisition of CACT

images using a flat-panel detector system offers increased

spatial resolution over MDCT. High-contrast objects as

small as 0.4 mm can be visualized. In combination with

the higher contrast concentration due to intra-arterial

contrast injection, this leads to highly improved visuali-

zation of smaller vessels compared to CTA acquired in a

MDCT during intravenous administration of contrast

medium (IV-CTA). However, the most important benefit

of CACT is its unrestricted availability during any

angiographic procedure, as in the same flat detector

C-arm system both DSA and C-arm CT can be obtained

interchangeably. Risky and time-consuming patient

transfer from the angiography table to other imaging

modalities such as MR or CT is not needed. Investment in

costly hybrid systems that combine CT and angiography

can be avoided [1].

Fig. 4 Embolization of a

liposarcoma infiltrating the

duodenum. A, B MDCT and

CACT of the abdomen shows a

large tumor (arrows) infiltrating

the duodenum (asterisk). C, D
MIP (15 mm; C) and MPR (5

mm; D) of the CACT in the

arterial phase provides

information on both feeding

vessels and soft tissue of the

tumor (arrowheads) and the

surrounding structures. This

enables clear-cut identification

of two tumor-feeding arteries

(white and black arrow). E DSA

of the SMA shows multiple

small branches, but conclusive

identification of tumor-feeding

vessels is not provided. F
Selective angiogram proves

successful embolization of one

of the feeding vessels (white

arrow; same vessel as in C, D,

and E)
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Potential disadvantages of CACT include the increased

amount of contrast agent, additional radiation exposure, and

additional time required for setup, CACT run, and recon-

struction. In our cases CACT provided detailed information

on vascular anatomy. Thus additional oblique DSA runs

were avoided. Based on our own limited experience with

abdominal CACT as well as the first reports on neurointer-

ventional applications [13], CACT was instrumental for

complication management, therapy planning, and immedi-

ate follow-up and might replace postinterventional CT scans

in selected cases. It remains to be seen if this compensates for

the time, dose, and contrast agent used for CACT.

It is beyond the scope of this Technical Note to evaluate

the impact of CACT on the tumor response or clinical

outcome of the patients. We selected different abdominal

tumors to present the technical feasibility and the potential

usefulness for abdominal interventions. Further studies will

be needed to define the merits of this device that combines

CT and angiography in one system.
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