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ABSTRACT

Purpose: To prospectively evaluate the impact of C-arm CT on radiation exposure to hepatocellular carcinoma (HCC) patients
treated by chemoembolization.

Materials and Methods: Patients with HCC (N � 87) underwent digital subtraction angiography (DSA; control group) or
combined C-arm CT/DSA (test group) for chemoembolization. Dose-area product (DAP) and cumulative dose (CD) were measured
for guidance and treatment verification. Contrast agent volume and C-arm CT utility were also measured.

Results: The marginal DAP increase in the test group was offset by a substantial (50%) decrease in CD from DSA. Use of C-arm
CT allowed reduction of DAP and CD from DSA imaging (P � .007 and P � .017). Experienced operators were more efficient in
substituting C-arm CT for DSA, resulting in a negligible increase (7.5%) in total DAP for guidance, compared with an increase of 34%
for all operators (P � .03). For treatment verification, DAP from C-arm CT exceeded that from DSA, approaching that of conventional
CT. The test group used less contrast medium (P � .001), and C-arm CT provided critical or supplemental information in 20% and
17% of patients, respectively.

Conclusions: Routine use of C-arm CT can increase stochastic risk (DAP) but decrease deterministic risk (CD) from DSA.
However, the increase in DAP is operator-dependent, thus, with experience, it can be reduced to under 10%. C-arm CT provides
information not provided by DSA in 33% of patients, while decreasing the use of iodinated contrast medium. As with all
radiation-emitting modalities, C-arm CT should be used judiciously.

ABBREVIATIONS

CD � cumulative dose, DAP � dose-area product, DSA � digital subtraction angiography, HCC � hepatocellular carcinoma,

MIP � maximum-intensity projection, PSD � peak skin dose, 3D � three-dimensional
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During the past decade, imaging modalities have seen a
marked increase in sophistication, including in those used

From the Division of Interventional Radiology (N.K. M.H.K.A., D.M.H., J.D.L.,
W.T.K., G.L.H., A.H., D.Y.S., L.V.H.), Department of Radiology (R.F., J.R.,
A.G.), H-3652, Stanford University Medical Center, 300 Pasteur Dr., Stanford,
CA 94305-5642; and Diagnostic Cardiovascular Imaging Section (A.T.), Uni-
versity of California, Los Angeles, Los Angeles, California. Received February
10, 2011; final revision received July 13, 2011; accepted July 14, 2011.
Address correspondence to N.K.; E-mail: kothary@stanford.edu

From the SIR 2010 Annual Meeting.

N.K. has received a research grant from Siemens Medical Solutions (Forch-

heim, Germany) and is an unpaid scientific advisor for Siemens Medical D
or image-guided procedures. For radiation-emitting tech-
ologies, the promise of faster, better, and more accurate

olutions with regard to C-arm CT. R.F. has received a research grant from
iemens Medical Solutions, is an unpaid consultant for Siemens Medical
olutions, and has received royalty payments Siemens Medical Solutions for

ntellectual property (under $10,000). None of the other authors have identi-
ed a conflict of interest.

SIR, 2011

Vasc Interv Radiol 2011; xx:xxx
OI: 10.1016/j.jvir.2011.07.008

mailto:kothary@stanford.edu


d
t
p
C
a

t
t

M
A
s
m
o
a
c

i
g
t
p
p
a
d
t
w
g
t

P
T
b
a
a
m
t

S

2 � Radiation Exposure with C-arm CT Guidance for Chemoembolization Kothary et al � JVIR
imaging is assumed to come at the cost of increased patient
exposure to ionizing radiation. Interventional radiologists
today need to balance the benefit of the information pro-
vided by the systems with the deterministic and stochastic
risks inherent to ionizing radiation (1).

One such hybrid technology is C-arm computed to-
mography (CT), which uses the principles of cone-beam CT
to produce multiplanar CT-like soft-tissue images from a
single rotational acquisition (2). Used most often for liver-
directed therapies, concerns rightfully exist about the radi-
ation exposure from a C-arm CT compared with that re-
ceived from digital subtraction angiography (DSA).
Radiation-induced skin injuries are deterministic in nature,
and characterized by a threshold dose. They increase in
severity as duration of exposure increases, and are of par-
ticular concern in lengthy procedures, such as emboliza-
tions (3,4). The often sequential and repetitive nature of
liver-directed therapies can also lead to an increased life-
time risk of stochastic effects, such as radiation-induced
fatal cancer. However, these are rare, have a long latent
period, and are less consequential in this particular patient
group that has a preexisting, often fatal cancer. Exact cal-
culation of effective dose and peak skin dose (PSD) is
challenging, but surrogates such as dose-area product
(DAP) and cumulative dose (CD) provide an adequate
estimation for the stochastic and deterministic risks respec-
tively (1,3).

In the present study, we attempt to understand the
ifferences in radiation exposure that a patient undergoing
ranshepatic arterial chemoembolization would incur when
ortions of DSA imaging are replaced or complemented by
-arm CT imaging compared with standard DSA imaging
lone.

MATERIALS AND METHODS

The present prospective single-institution study was com-
pliant with the Health Insurance Portability and Account-
ability Act and was granted institutional review board ap-
proval. From April 2009 to February 2010, 190 patients
with unresectable hepatocellular carcinoma (HCC) under-
went 260 transhepatic arterial chemoembolization (hereaf-
ter referred to as chemoembolization) procedures with an
emulsion of ethiodized oil (Ethiodol; Savage Laboratories,
Melville, New York), cisplatin, and doxorubicin. A total of
87 patients met inclusion criteria and were sequentially
assigned to undergo standard imaging (DSA only) or com-
bined imaging with C-arm CT and DSA.

Inclusion and Exclusion Criteria
All candidates included in the study had evidence of HCC
as defined by the American Association for the Study of
Liver Diseases guidelines (5). Only patients with focal
disease that met University of California, San Francisco,

criteria for transplantation (6) were included, as these pa- c
ients are typically treated with superselective catheteriza-
ion (Table 1).

odality Assignment
lternating patients for each operator were randomly as-

igned to undergo DSA alone (control group) or comple-
entary use of DSA and C-arm CT (test group). The

perators were blinded to the modality assignment until
fter it was assigned and were not allowed to influence or
hange the group at the time of assignment.

C-arm CT imaging was obtained in all patients, includ-
ng those randomized to the control group. However, in this
roup, the acquisition was not reconstructed or reviewed by
he operator until after superselective DSA imaging was
erformed. The rationale for obtaining C-arm CT in all
atients was based on published data (7,8) that indicate that
C-arm CT examination can provide information that is not
etected by DSA that could alter the patient’s treatment or
ransplantation status. For the purposes of the present study,
hen calculating the radiation exposure for the control
roup, the dose accumulated from the C-arm CT was sub-
racted from the total dose for appropriate comparison.

rotocol
he protocol for both arms is described in Figure 1 and
riefly summarized in the subsequent sections. Fluoroscopy
nd/or DSA imaging was used to catheterize the celiac
rtery and advance an angiographic catheter into the com-
on hepatic artery. Similar techniques were used in pa-

ients with variant hepatic artery anatomy.

tandard DSA-only group. In the DSA-only group,

Table 1. Inclusion and Exclusion Criteria

Inclusion criteria

HCC � 1 cm with arterial hypervascularity and washout

on delayed phase (by CT/MR imaging) or biopsy

proven (AASLD criteria)

Size and focality (UCSF criteria)

Single tumor � 6.5 cm or 3 tumors with largest � 4.5

cm and total tumor diameter � 8 cm

No evidence of gross vascular invasion

Exclusion criteria

Age � 18 y

Already enrolled in present study once

GFR � 30 mL/min/1.73 m2

Suspected extrahepatic supply on cross-sectional

imaging

Poor-quality diagnostic study: tumors could not be

characterized properly

Note.—AASLD � American Association for the Study of
Liver Diseases, GFR � glomerular filtration rate, HCC �
hepatocellular carcinoma, MR � magnetic resonance,
UCSF � University of California, San Francisco.
atheterization of the common hepatic artery was first per-



e
t
s
r
C
l

t
a
t
t
I
D
d
c
w
o
o

C
A
p
r
w
w
i
i
t
a
m
s
a
p
s

r
i
G
C
p

r
o
E
u
w

D
A
c
p
T
e
t
p

Volume xx � Number x � Month � 2011 3
formed, followed by an unenhanced (in patients with resid-
ual Ethiodol from previous chemoembolization) and/or
contrast-enhanced C-arm CT scan, with the C-arm CT data
not reconstructed or reviewed.

Next, conventional DSA imaging with a power injector
in two obliquities—anteroposterior and 30° right anterior
oblique—was performed, supplemented by additional se-
lective DSA as needed to catheterize the target vessel.

Finally, unenhanced C-arm CT was obtained at the
termination of the procedure to evaluate Ethiodol uptake in
the tumor and to identify any nontarget embolization (in
lieu of a postembolization DSA study). However, the DAP
from all C-arm CT acquisitions was subtracted to represent
exposure accrued with DSA imaging only.

Combined DSA and C-arm CT group. In the com-
bined C-arm CT and DSA group, catheterization of the
common hepatic artery was first performed, followed by an
unenhanced and/or contrast-enhanced C-arm CT scan.
Three-dimensional (3D) planar and volume rendered max-
imum-intensity projection (MIP) images were used for
planning and navigation.

Next, selective DSA angiograms or additional C-arm
CT acquisitions were obtained only as deemed necessary
for superselective catheterization. Completion unenhanced
C-arm CT was then performed to evaluate Ethiodol uptake
in the tumor, as well as any nontarget embolization.

Figure 1. Schema for imaging protocol for both arms of the
study. Blocks labeled “guidance” or “verification” in each arm
were used to calculate accumulated DAP and CD.
Note was made of tumors that required selective cath- i
terization of two or more segmental vessels and were
ermed “complex.” For patients with two or more vessels
upplying the same tumor, the DAP reflected the dose
equired to treat the entire tumor; for tumors in two separate
ouinaud segments, the DAP reflected the dose accumu-

ated to reach the first dominant tumor.
Crossover between treatment groups was allowed in

he interest of patient care. In the control group, the oper-
tor was allowed to use C-arm CT if he or she was unable
o visualize the tumor with DSA or unable to identify the
umor-supplying artery despite multiple DSA acquisitions.
n the test group, the operator was allowed to revert back to
SA alone if the quality of the C-arm CT images were
egraded by respiratory artifact. Collective data were re-
orded for all patients, but comparative statistical analysis
as done only between cases in which crossover did not
ccur, allowing for a comparison of the modalities under
ptimal conditions.

hemoembolization Technique
ll chemoembolization procedures in the study cohort were
erformed by one of four board-certified interventional
adiologists specializing in interventional oncology but
ith a range of years of experience. The angiography units
ith C-arm CT capability used in this study were installed

n 2007, and all operators had at least 2 years of experience
n obtaining and reconstructing 3D images. However, for
he purposes of data analysis, operators 1 and 2, who had 7
nd 13 years of experience and had performed approxi-
ately 350 and 700 chemoembolization procedures, re-

pectively, were considered to be “experienced,” and oper-
tors 3 and 4, who had 2 and 3 years of experience and had
erformed 90 and 150 chemoembolization procedures, re-
pectively, were considered to be “less experienced.”

Procedures were performed in a single-plane angiog-
aphy suite capable of C-arm CT (Axiom Artis dTA ceil-
ng-mounted system with DynaCT; Siemens, Forchheim,
ermany) with a 30-cm � 40-cm flat-panel detector. All
-arm CT acquisitions were obtained by using technical
arameters previously reported (2,7,9).

Chemoembolization procedures were performed in a
outine fashion as described previously, with an emulsion
f cisplatin, doxorubicin (maximum of 50 mg each), and
thiodol (10–20 mL) delivered in a superselective fashion
nder fluoroscopic guidance (7,10). Treatment strategies
ere identical in both arms of the study.

ata Collection and Outcome Analysis
s C-arm CT is performed after catheterization of a vis-

eral artery, the data reported later reflect that gathered after
lacement of the catheter in the common hepatic artery.
his allowed a more equitable comparison of the differ-
nces in radiation exposure for the parts of the procedure
hat would be affected by the availability of C-arm CT. The
rocedure was divided into two phases, guidance and ver-

fication, as described in the subsequent sections.
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DAP, a measurement of the entire amount of energy
delivered to the patient by the beam, was used as an
indicator for the stochastic risk (1). CD, a measurement of
the total radiation to the skin, summed for the entire body,
was used to measure the deterministic risk (1). Both mea-
sures are well accepted surrogates for the more precise—
but logistically difficult—effective dose and PSD (1).

Guidance Imaging Dose
DAP (in Gy·cm2) was defined as the radiation dose per
square meter of exposed skin accumulated from catheter-
ization of the common or replaced hepatic artery to super-
selective catheterization of the dominant tumor vessel(s). In
the control group, this included the DAP from DSA imag-
ing in two obliquities and DSA imaging for selective cath-
eterization. In the test group, this included the DAP from
the C-arm CT acquisitions and DSA imaging needed to
reach the target.

As 3D data from C-arm CT can replace the data from
multiple DSA acquisitions, the number of DSA acquisitions
and the associated DAP from the DSA itself was compared.

The CD from DSA is concentrated in the right upper
quadrant and distributed over 200° in C-arm CT. Replacing or
reducing DSA imaging, in theory, should decrease CD to the
right upper quadrant. To measure this effect, we compared the
CD (in mGy) accrued by DSA imaging in both arms.

Verification Imaging Dose
As a qualitative surrogate to gauge the adequacy of che-
moembolization, uptake of Ethiodol in the tumor was eval-
uated by C-arm CT. In the test group, the DAP from the
postembolization C-arm CT was included, and in the con-
trol group, the DAP accumulated during DSA with a 32-cm
field of view in the anteroposterior plane was used as an
approximation of the DAP to which the patient would have
been exposed if a postembolization angiogram had been
acquired.

As secondary endpoints, data on the total volume of
iodinated contrast medium used and the procedural time
were collected and analyzed. Failed acquisitions, eg, as a
result of contrast medium injector malfunction or operator
error, were excluded from the final calculation.

Because most endpoints had skewed distributions,
multivariate quantile (median) regressions of each endpoint
were used to assess the effects of imaging modality, oper-
ator experience, and their potential interaction. Although
the tabulated numbers reflect raw data, all regressions used
body mass index as a covariate to remove the effect of body
mass index as a confounding factor. Count data were ana-
lyzed by negative binomial regression. In all regressions,
robust variance estimators were used. Model fit was estimated
by linear correlation of predicted versus observed values.
Percentage variation of the test group from the control group
was reported. All statistical analyses were performed by using
Stata software (release 9.2; StataCorp, College Station, Texas).

A significance level of 0.05 was used. i
ESULTS

atient Population
atient and tumor characteristics were similar between

he two groups and are summarized in Tables 2 and 3. The
ohort included 87 patients: 68 men and 19 women. The
ime interval between diagnostic cross-sectional imaging
nd chemoembolization was 32 days (median, 26 d � 19.5
SD]; range, 1–81 d). Three patients were excluded because
f progression to multifocal disease at the time of therapy,
nability to visualize tumor by either modality, and iatro-
enic complication (femoral artery injury), leaving 84 pa-
ients: 41 patients in the DSA-only control group and 43 in
he C-arm CT/DSA test group.

The majority of procedures (n � 62; 73.8%) required
atheterization of only a single tumor-supplying artery, and
istribution of these cases was similar between the two
roups. Although each operator was expected to enroll 40
atients (20 in each arm), a shortage of Ethiodol throughout
he United States necessitated early termination of the
tudy. Hence, a disparately large number of patients (n �
0; 71.4%) were treated by the more experienced operators
ith mature practices that allowed easy accrual.

The assigned modality was sufficient for tumor target-

Table 2. Patient and Tumor Characteristics

Characteristic DSA Only C-arm CT/DSA

Age (y)

Mean 63 66

Range 44–86 50–84

Sex

Male 29 (70.3) 37 (86)

Female 12 (29.3) 6 (14)

Mean BMI (kg/m2)

Mean � SD 27.4 � 6.92 28.2 � 5.59

Range 18.2–46.1 17.4–42.3

Etiology

Hepatitis C 16 27

Hepatitis B 11 5

Alcohol 3 8

Hepatitis C/alcohol 6 1

Cryptogenic 4 2

Primary biliary cirrhosis 1 —

Pretreatment cross-sectional

imaging

Triphasic CT 34 30

Multiphasic MR imaging 7 13

Pts. with chemoembolization

before enrollment

16 22

Index tumor size (cm)

Mean � SD 2.9 � 1.4 2.8 � 1.3

Range 1–6.5 1.6–5.8

Note.—Values in parentheses are percentages. BMI � body
mass index, MR � magnetic resonance.
ng in 33 patients (80.5%) in the control group and 39
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patients (90.7%) in the test group (P � .22), for a total of
72 patients (85.7%; Table 4). The remaining 12 patients
(14.3%) crossed over to the other treatment group and
underwent the alternate imaging modality. The proportion
of patients in whom the assigned imaging modality was
adequate did not vary with complexity (P � .285).

Guidance
In the test group (n � 39 C-arm CT acquisitions), the
experienced operators required a median of one C-arm CT
acquisition per patient (mean, 1.5 � 0.8) for the purpose of
uidance, and the less experienced operators required a
edian of two (mean, 2 � 1). Three patients each had one
-arm CT acquisition removed from the calculation be-
ause of technical error (two injector malfunctions and one
ase of improper patient positioning).

otal DAP. In the control group, the mean total (unad-
usted) DAP used for guidance was 137.4 Gy·cm2, com-

pared with 184.2 Gy·cm2 in the test group—a 34%
ifference (95% CI, 101.1–173.7 vs 148.2–220.2; P �

03; Fig 2). Operator experience did not play a role in the
ontrol group, but in the test group, the total DAP for the
ess experienced operators was twice that for the more
xperienced operators (276.8 Gy·cm2 vs 143 Gy·cm2, re-

spectively). In other words, the difference in the DAP
between the two arms was negligible for the seasoned
operators (�7.5%) and substantial for the less experienced
operators (�75%). This interaction of the increased DAP
from C-arm CT when used by less experienced operators
was statistically significant (P � .04).

Use of DSA for guidance. Fewer DSA acquisitions
were obtained in the test group because of the availability
of C-arm CT (mean, 4.4 vs 5.4; 95% CI, 3.8–5.1, 4.7–6.3;
P � .007), resulting in a lower DAP from DSA in the test

Table 3. Case Distribution between Treatment Groups

Variable

DSA

Only

C-arm

CT/DSA

Pts. enrolled and completed study 41 43

Pts. enrolled but excluded from study 2 1

Complexity

Simple 32 (78) 30 (70)

Complex 9 (22) 13 (30)

Operator experience

Experienced 30 30

Less experienced 11 13

Procedures completed on protocol

Assigned modality sufficient for

targeting

33 (80.5) 39 (90.7)

Crossover to alternate imaging

modality

8 (19.5) 4 (9.3)

Note.—Values in parentheses are percentages.
group (92.4 Gy·cm2) than in the control group (137.4 1
y·cm2; 95% CI, 67.2–117.6 vs 101.1–173.7; P � .007).
xperienced operators were more successful in using 3D
ata provided by C-arm CT to replace the data from DSA
maging. In the test group, experienced operators needed a
ean of 3.2 DSA runs per patient, compared with 7.3

mong less experienced operators. In the control group,
xperienced operators used a mean of 5.1 DSA runs, com-
ared with 7.2 among the less experienced operators (P �

001). Consequently, the DSA-associated DAP in the test
roup was substantially lower (by 53.5%) than that in the
ontrol group for the experienced operators (mean
2.2Gy·cm2 vs 133.8 Gy·cm2), but not for the less experi-
nced operators (�2.8% in the test group; P � .001; Fig 3).
y decreasing the number of DSA acquisitions, experi-
nced operators decreased the CD from DSA, with a mean
f 784.7 mGy for the control group versus 626.4 mGy for
he test group (95% CI, 537.3–1,032.1 mGy and 439.5–
13.3 mGy, respectively; P � .017; Fig 4).

erification
he DAP of 56 Gy·cm2 (95% CI, 52.4–59.8) accumulated

rom the use of C-arm CT to verify accurate targeting was
ouble the DAP of 26.7 Gy·cm2 (95% CI, 18.5–34.6)
ccumulated from standard postembolization DSA acquisi-
ion (P � .001). Deterministic effects, including radiation-
nduced transient erythema, epilation, moist desquamation,
r skin ulceration, were not observed in any of the enrolled
atients, including those who crossed over and hence had a
engthier procedure. CD accumulated to the right upper
uadrant as a result of DSA imaging was less than 1 Gy for
ost patients (25 of 33 in the control group and 31 of 39 in

he test group). The 3-Gy threshold was crossed in one
atient in the control group (3.8 Gy).

The amount of iodinated contrast medium used for
uidance was significantly greater (P � .001) in the control
roup (mean, 67 mL; 95% CI, 60.6–73.5) than in the test
roup (mean, 50.3 mL; 95% CI, 46.2–54.5). As completion
-arm CT is unenhanced, one can further extrapolate that

his difference would be greater if one were to include a
tandard contrast-enhanced postembolization DSA ac-
uisition in the control group. There was no statistically
ignificant difference in contrast agent use between op-
rator subgroups (P � .24). Mean volumes of contrast
gent used in the control and test groups were 68.1 mL
nd 49 mL, respectively, for the experienced operators
nd 60.8 mL and 53.4 mL, respectively, for the less
xperienced operators.

Reconstruction and review of C-arm CT images did not
dd significantly to the procedure time. Experienced oper-
tors required less time to get to the target (P � .001), but
here was no difference between the two modalities (P �
57). Operators with experience were more efficient in
erms of time (88 min vs 99 min in control and test groups,
espectively) than those with less experience (109 min vs

41 min in control and test groups, respectively).
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Subjective Analysis

Twelve patients (14.3%) crossed over to the other study
group, including eight from the control group (19.5%) and
four from the test group (9.3%; P � .22; Table 5). Expe-
ienced operators kept a greater proportion of patients in
heir assigned imaging arm than operators with less expe-
ience (91.7% vs 70.8%; P � .033). C-arm CT image

Table 4. DAP and CD Results Based on Operator Experience

Group

Overall

(N � 72)

Guidance: total DAP (Gy·cm2)

DSA only 137.4 (101.1–173.7)

C-arm CT/DSA 184.2 (148.2–220.2)

� vs DSA �34% (P � .03)

Guidance: DSA DAP (Gy·cm2)

DSA only 137.4 (101.1–173.7)

C-arm CT/DSA 92.4 (67.2–117.6)

� vs DSA �32.7% (P � .007)

Guidance: DSA runs

DSA only 5.4 (4.7–6.3)

C-arm CT/DSA 4.4 (3.8–5.1) (P � .007)

Guidance: DSA CD (mGy)

DSA only 784.7 (537.3–1,032.1)

C-arm CT/DSA 626.4 (439.5–813.3)

� vs DSA �20.2% (P � .017)

Verification: DAP (Gy·cm2)

DSA only 26.7 (18.5–34.6)

C-arm CT/DSA 56 (52.4–59.8)

� vs DSA �109.7% (P � .001)

Note.—Values in parentheses are 95% CIs. CD � cumulative
raphy.

Figure 2. Histogram demonstrates total DAP accumulated dur-
ing guidance phase of the procedure. The test group accumu-
lated an average of 34% more DAP than the control group (P �
.03). However, when stratifying for experience, the experienced
operators had a marginal (7.5%) increase in DAP compared with
less experienced operators, who had a much higher total DAP
(P � .04).
egradation caused by respiratory artifact led to crossover C
n the test group. Inability to identify and/or characterize the
umor on DSA (n � 4; Fig 5), confirm complete targeting
f watershed tumors (n � 2), or identify of the “culprit”
umor-supplying vessel (n � 2) led to crossover in the
SA-only group.

Although deviation from the assigned protocol occurred
n only a small percentage of patients, a subjective analysis of
perator comments revealed that operators relied heavily on

Experienced Operators

(n � 55)

Less Experienced Operators

(n � 17)

133.8 (95.1–172.5) 157.6 (35.3–279.9)

143 (112.4–173.7) 276.8 (200.5–353.1)

�7.5% �75%

133.8 (95.1–172.5) 157.6 (35.3–279.9)

62.2 (43.4–81) 160.4 (103.7–217.1)

�53.5% �2.8%

5.1 (4.3–6) 7.2 (5.2–9.9)

3.2 (2.5–3.9) 7.3 (5.9–8.9)

771.3 (489.7–1,052.9) 859.9 (315.1–1,404.7)

416.4 (277.6–555.2) 1,099 (655.2–1,542.9)

�46% �27.8%

—

—

—

AP � dose-area product, DSA � digital subtraction angiog-

igure 3. Histogram demonstrates mean DAP from DSA im-
ging accumulated during guidance phase of the procedure.
xperienced operators successfully replaced a large portion of
SA imaging by a single rotational C-arm CT examination,

esulting in 50% less DAP from DSA in the test group. Less
xperienced operators obtained more DSA images, leading to a
reater DAP.
dose, D
-arm CT in the test group. In nine patients in the C-arm CT
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arm (20.9%), C-arm CT provided critical information that
included recognition of incomplete treatment of tumors trig-
gering additional selective catheterizations (n � 4), visualiza-
tion of tumors that were not easily recognizable on DSA (n �
), and extreme tortuosity of vessels requiring 3D MIP images
o aid catheterization of the culprit vessel (n � 2). In an
dditional seven patients (16.3%), 3D MIP images from a
ingle C-arm CT acquisition determined a complex C-arm
ube angulation that best delineated the origin of the tumor-
upplying vessel. Hence, C-arm CT helped solve a problem or
rovided additional information in 37.2% of the patients in this
reatment group. In the control group, in which only DSA was
vailable, operators indicated that C-arm CT would have pro-
ided valuable information in seven patients (17%) in addition
o the eight patients who crossed over to the test group. This
ncluded easier tumor detection and characterization (n � 5)
nd navigation (n � 2). Overall, operators believed that C-arm
T provided critical or helpful information in 20.2% of pa-

ients (n � 17) and would have provided critical or helpful
information in 16.7% (n � 14).

In contrast, C-arm CT images were severely degraded
as a result of respiratory artifact in seven patients (8.3%),
including the four patients who crossed over from the test
group to the DSA-only group. DSA images were also

Figure 4. Histogram demonstrates mean CD from DSA imag-
ing accumulated during guidance phase of the procedure. Ex-
perienced operators used the 3D imaging obtained from a sin-
gle C-arm CT study (rotational acquisition over 200°) for
navigation to replace multiple DSA acquisitions, thereby de-
creasing the CD to the liver by 46%. Less experienced operators
obtained more DSA images, leading to a higher CD to the liver.

Table 5. Subjective Analysis of Impact of C-arm CT

Subjective Effect

Incidence

(N � 84)

Images degraded by respiratory artifact 7 (8.3)

C-arm CT information critical 17 (20.2)

C-arm CT information helpful 14 (16.7)

Note.—Values in parentheses are percentages.
degraded in these patients, but to a lesser extent. a
ISCUSSION

he safety of Lipiodol-based hepatic arterial chemoembo-
ization depends on accurate visualization and precise tar-
eting of the tumor. Superselective catheterization, rather
han lobar embolization, minimizes nontarget drug delivery
nd toxicity (11–13) while maximizing the effect on the
umor itself (10–12,14,15). However, superselective cath-
terization with DSA imaging alone has its limitations, and
he complementary role of C-arm CT in these procedures
as been well explored in recent years (7,8,16,17). MIP and
olume-rendered images provided by C-arm CT serve as
mportant navigational tools in nodular cirrhotic livers
7,18). Small HCCs discovered on early screening that may
ot be apparent on DSA images are often readily apparent
n an arterially enhanced C-arm CT because of the high
patial resolution and soft-tissue contrast of that modality
7,8,17,19). In addition, 3D verification of Ethiodol uptake
n C-arm CT can detect untreated portions of the tumor,
riggering the search for additional feeding vessels (7,8,16).
inally, soft-tissue information provided by C-arm CT can
e used in context with the adjacent structures to identify
nhancement of nontargeted tissues such as bowel (7,20),
s well as extrahepatic supply to a tumor (21).

The results of the present study again highlight the utility
f C-arm CT as a vital problem-solving tool for transarterial
reatment of hepatic malignancies, as it provided treatment-

igure 5. Angiographically occult tumor in a 55-year-old man
ith HCC secondary to hepatitis C. (a) Preprocedural contrast-
nhanced magnetic resonance image obtained in the arterial
hase demonstrates a hypervascular tumor (arrow) in segment
. DSA image (right anterior oblique, 30°) obtained during con-

rast medium injection into the common hepatic artery (b) and
elective catheterization (c) does not demonstrate a hypervas-
ular mass in the expected location. (d) C-arm CT scan obtained
uring injection of the common hepatic artery demonstrates the
egment V tumor (arrow) that was not visualized on DSA.
ltering information in 20.2% of patients and additional help-
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ful information in another 16.7% patients. Despite the known
merit of C-arm CT, concerns about additional radiation expo-
sure, administration of additional iodinated contrast medium,
and the time expended to perform rotational acquisitions right-
fully exist (7,8,17,22,23). These concerns, although not rigor-
ously validated, have precluded the routine use of C-arm CT
for hepatic interventions.

Guidelines from the United States Food and Drug
administration (24), International Commission on Radio-
logical Protection (25), and American College of Radiology
26) highlight the importance of monitoring and recording
atient radiation dose. The most widely used metrics of
atient radiation dose in interventional radiology are fluo-
oscopy time, DAP, CD, and PSD. Fluoroscopy time is the
ost widely available, but is not accurate (1). DAP is a
ore widely accepted measure and is a good indicator of

tochastic risks (1,27). Effective dose, an even more precise
indicator of stochastic risks, can be calculated from the
DAP by using a conversion coefficient. However, the co-
efficients vary by institution and equipment, making these
calculations tedious and possibly incorrect (28). Hence, for
ll practical purposes, DAP itself is considered an adequate
urrogate for stochastic risks (1). PSD measures the highest
ccumulate dose to any portion of the patient’s skin during
he procedure and is a precise indicator of deterministic
njuries, but is again tedious to measure (1). Therefore, CD
s the more commonly recorded method to determine the
atient’s risk for x ray–induced skin injury (1,29). CD is an

approximation of the skin dose summed over the entire
body. However, common practice is to angulate the x-ray
beam during the procedure, making CD an overestimation
of the PSD (1,3,29,30).

As one would expect, C-arm CT does increase the
overall patient DAP and can therefore influence stochastic
risk. Complex Monte Carlo simulations that predict indi-
vidual patient’s risk for radiation-induced cancer were not
performed here. Instead, the percentage variation from stan-
dard DSA imaging was reported, as the benefit of the therapy
outweighed the risk of radiation-induced cancer in this patient
population. Based on our observations, we believe this incre-
ment can be minimized to less than 10% when DSA and
C-arm CT are used prudently. As a matter of fact, the DAP in
both our patient groups was well within the range proposed by
Miller et al (31) for hepatic chemoembolization with DSA
alone. In addition, as perspective, Hidajat et al (32) demon-
strated that the risk estimation of radiation-induced fatal can-
cer in patients undergoing chemoembolization is on the mag-
nitude of 10�4, and even in the case of repetitive procedures,
his risk was less than 0.1%. Despite the overall low risk, it is
mportant to acknowledge that operator experience plays a key
ole in efficiencies that further minimize the stochastic risk to
he patient, and the present study was no exception. Detailed
nowledge of the hepatic vascular anatomy, ability to discern
he tumor-feeding artery in cirrhotic livers, substitution of
ultiple DSA acquisitions with a 3D roadmap for navigational

urposes, limiting or preferably eliminating midprocedure su-

erselective C-arm CT, and limiting the use of magnified DSA i
uns are some of the techniques that decrease the DAP and
ere routinely used by the more experienced operators.

The addition of a completion C-arm CT does increase
he DAP significantly, irrespective of operator experience,
nd brings into discussion the necessity of a completion
-arm CT. Unquestionably, C-arm CT provides a more
oncrete demonstration of deposition, revealing areas of
ncomplete treatment (7,8,16). Based on studies correlating
he efficacy of chemoembolization to the degree of Ethiodol
etention (33), it is not unusual in practices with DSA-only
ystems to obtain an unenhanced CT image immediately
fter the procedure for this purpose. Although effective
rgan dose from a multiple–detector CT varies with patient
ize, CT parameters, and slice thickness, on average, it
anges between 5 and 16 mSv (34,35), compared with
pproximately 7 mSv for a standard 8-second C-arm CT
otation. In this scenario, a completion C-arm CT scan can
erve the same purpose, is more convenient, and eases the
urden on limited health-care resources, all with a similar
adiation dose. Needless to say, if a completion C-arm CT scan
s not deemed necessary, it should be avoided altogether.

On the other hand, C-arm CT significantly decreases
he risk of deterministic injuries in this patient population.
he present study demonstrated that that judicious use of
-arm CT can replace some or all of the DSA acquisitions,

hereby decreasing the DSA-related skin dose concentrated
o the right upper quadrant. This is of particular importance
n view of the lengthy nature of these procedures, which
requently require higher pulse fluoroscopy and magnified
mages, and for which practically the entire dose is concen-
rated to a small area of the body (1,3,4,32). Compared with
ther interventional procedures, chemoembolization proce-
ures are considered to be high-dose procedures, during
hich CD can exceed 1 Gy and reach 5 Gy in some

nstances (4,29,31,32). The rotational nature of the C-arm
T acquisition confers a dose advantage to the patient. By
sing the RAD-IR study (29) to convert between DAP and
SD, our preliminary results indicate that the PSD for an
bdominal C-arm CT is 0.3 � 0.15 of the PSD that would
esult if the same dose was deposited at a single imaging
ngle, as in DSA acquisitions. Moreover, in the present
tudy, the CD absorbed by most patients was well within
he American College of Radiology’s 3-Gy threshold for
etailed follow-up (26).

Finally, the use of C-arm CT significantly reduces the
olume of iodinated contrast medium used for the proce-
ure while increasing the amount of information obtained
ompared with DSA only. In patients with cirrhosis and
ssociated renal dysfunction, that in itself may be an im-
ortant consideration.

Limitations of the present study include inherent het-
rogeneity among the patient groups and operators. The
tudy reports the dose from the portion of the entire proce-
ure that would be affected by the availability of C-arm CT
n the interest of effectively comparing C-arm CT and DSA.
or similar reasons, calculations were terminated after the
ndex tumor had been reached, as the delivery rate of the
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chemotherapeutic drugs can vary highly among patients.
For ethical reasons, we were unable to subject the patients
in the DSA group to purely DSA alone for a true head-to-
head comparison. Hence, the reported data in the DSA-only
group reflects the calculated or adjusted dose. Finally, sub-
jective comments (Table 5) vary among operators and are
often influenced by individual preferences.

In conclusion, C-arm CT continues to prove to be a
valuable tool in hepatic chemoembolization, often provid-
ing information that is not available by DSA alone. In
experienced hands, use of C-arm CT can result in a negli-
gible increase in DAP and therefore stochastic risk. In
addition, C-arm CT can replace some of the DSA acquisi-
tions, and by distributing the skin dose of radiation over a
range of 200°, it significantly reduces the possibility of
deterministic injury. Less iodinated contrast medium is
generally needed when C-arm CT is used, which can be an
important issue for patients at risk for hepatorenal syn-
drome. Like any other radiation-emitting modality, C-arm
CT should be used judiciously.
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