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Effective patient dose during neuroradiological C-arm CT procedures

Mei Bai, Xianghua Liu, Bin Liu

PURPOSE

We aimed to determine the effective dose given to patients
during neuroradiological C-arm computed tomography (CT)
procedures.

MATERIALS AND METHODS

Measurements were performed on 48 patients using a
dose-area product (DAP) meter. A PC-based Monte Carlo
program (PCXMC, STUK, Helsinki, Finland) was used to cal-
culate the effective dose from the DAP values of each patient.
Organ doses were also measured with thermoluminescent
dosimeters (TLDs) using a human-shaped phantom.

RESULTS

The difference between the organ doses measured using TLDs
and PCXMC was not significant (P > 0.05). The mean DAP for
48 patients was 9.41+2.50 Gy-cm? the mean effective dose
for all procedures was 0.30+0.08 mSv. The coefficient for the
correlation (R?) between the DAP and the effective dose was
0.97. The conversion factor between the effective dose and
DAP was 0.030-0.035 mSv-Gy'-cm™2.

CONCLUSION

DAP can be used as a dose indicator to calculate the organ
dose and effective dose of patients based on Monte Carlo
simulation. This method can provide important information
on the absorbed dose and enhance the radiation protection
of patients during C-arm CT procedures.
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-arm flat panel computed tomography (CT) is new, innovative

imaging technique that combines the C-arm design and three-di-

mensional (3D) cone-beam CT imaging, enabling both tradition-
al angiographic imaging and soft tissue differentiation (1). C-arm flat
panel angiographic systems use two-dimensional (2D) X-ray projection
data acquired with a flat-panel detector to generate CT-like images (2-5).
C-arm flat panel CT imaging has been used in a number of clinical appli-
cations (6-9). Neuroradiology also benefits from this 3D C-arm imaging
system (10-13). Cerebral bleeding, bone imaging, and other high-con-
trast target imaging techniques are important C-arm CT applications in
neuroradiology.

Like conventional X-ray imaging procedures, C-arm CT involves an
additional radiation dose to the patient. Unlike a CT scanner, C-arm CT
covers areas far larger than 100 mm (2). The CT dose index defined for
standard CT might be adapted to this, but it is not yet standardized, and
it is not the dose value displayed in the imaging unit (14).

Since C-arm CT was developed from angiography, many manufacturers
provide the dose-area product (DAP), which is an important quantity for
establishing a patient’s stochastic risk, characterized by the effective dose.
This study estimated the effective dose to patients undergoing neurora-
diology procedures and derived the correlation between the effective dose
and DAP. DAP values were collected for C-arm CT imaging. The effective
dose was calculated using a a PC-based Monte Carlo program.

Materials and methods
Patients

Forty-eight patients undergoing neuroradiology procedures (54.849.5
years, 20 females) were examined using a DynaCT (AXIOM Artis dTA, Sie-
mens Healthcare, Forchheim, Germany) C-arm CT. Automatic exposure
control and a 5 s rotation time scan were used; 139 2D projections were
acquired over the course of a 200° rotation of the X-ray tube around the
patient. DAP values were collected using an air-ionization chamber DAP
meter (Diamentor, PTW, Freiburg, Germany) incorporated in the housing
of the under-the-couch tube. A correction factor for calibrating the cham-
ber and electrometer was also applied (15).

Phantom

A male Anderson Radiation Therapy 200 phantom (ART-200, Fluke
Biomedical, Cleveland, Ohio, USA) with embedded thermolumines-
cence dosimeters (TLDs) was used to assess the radiation exposure of the
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C-arm CT and compared with the re-
sults of a Monte Carlo-based program
(16). To calculate the effective dose
according to ICRP 103 (17), TLDs were
placed in 22 organ sites in the phan-
tom according to the anatomical posi-
tion of each “organ point”, including
the gonads, red bone marrow, colon,
lung, stomach, bladder, breast, liver,
esophagus, thyroid, skin, bone surface,
brain, small intestine, kidney, pancre-
as, thymus, spleen, uterus, and salivary
glands. Three TLDs were placed at each
dose measurement point, and the or-
gan dose was defined as the mean of
the three TLDs. The TLDs were select-
ed before use to keep the dispersion in
+1%.

Dose calculation

A PC-based Monte Carlo program,
(PCXMC, STUK, Helsinki, Finland) (18)
was used to calculate the organ doses
and effective dose for each of the 139
frames per patient separately and then
the 139 effective doses were summed
to give the global effective dose for
the full C-arm CT run. Simulations
were performed with patient-specific
input parameters (weight and length)
and the actual C-arm CT system set-
tings for each projection, including
the beam quality, X-ray tube charac-
teristics, and dose level. The effective
dose was calculated using the latest
ICRP 103 weighing factors, published
in 2007 (17).

Statistical analysis

Summary values are presented as
meanststandard deviation. Paired
samples t tests were used to assess
the differences between the measured
organ doses using TLDs and the pro-
gram PCXMC. All statistical tests were
performed using a computer software
(Statistical Package for Social Sciences,
SPSS Inc., Chicago, Illinois, USA). A
P value < 0.05 was deemed to indicate
statistical significance.

Results
Radiation dose for phantom scan

The phantom (73.5 kg, 175 cm tall)
was scanned under automatic expo-
sure control and a 5 s rotation time

(70 kV, 216 mA, 139 projections). The
total DAP was 10.30 Gy-cm?. Under
this condition, the effective dose from
the TLD measurements was 0.33 mSv,
while the effective dose from PCXMC
was 0.28 mSv; the difference was not
significant (P = 0.502).

Fig. 1a shows the effective dose to
the patient for each projection calcu-
lated using PCXMC for the phantom
scan. Fig. 1b plots some irradiated or-
gan dose changes throughout a rota-
tional run calculated using PCXMC for
the phantom scan.

For the effective dose and organ
dose, a clear dip is obvious in the mid-
dle frames; this is explained by the

automatic tube modulation leading to
lower dose deposition in the tissues for
those frames (19). The absorbed dose
is especially high for the first and last
few frames. The active bone marrow
and skin doses had more homoge-
neous dose distributions because the
organ doses are averaged over the total
volume of the organ in the body. The
averaged skin and active bone marrow
doses were significantly lower than
those to the other organs due to the
small fraction of body skin exposed.

Radiation dose to patients
Fig. 2 shows the histogram of the
DAP for 48 patients. The mean DAP was
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Figure 1. a, b. Effective dose (a) was calculated by a PC-based Monte Carlo program (PCXMC)
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for each of the 139 frames. Organ dose (b) was calculated by PCXMC for each individual frame.
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Figure 2. Histogram of dose-area product (DAP) (mean, 9.41+£2.50 Gy-cm?; n=48).
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Figure 3. Histogram of effective dose (mean, 0.30+0.08 mSv; n=48).

calculated using PCXMC individually.
The mean effective dose for all proce-
dures was 0.30+£0.08 mSv (range 0.12-

9.41+2.50 Gy-cm? (range, 3.77-14.33
Gy-cm?). Fig. 3 shows the histogram of
the effective dose for the 48 patients
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0.43 mSv). Fig. 4 shows the correlation
between DAP and the effective dose
for the 48 patients. A linear effective
dose increase with DAP was confirmed
(R?=0.97; P < 0.05). The conversion fac-
tor between the effective dose and DAP
was 0.030-0.035 mSv-Gy'-cm™.

Discussion

Estimation of effective dose is a
tough task in radiological imaging.
Using TLD method to estimate the
effctive dose is very complicated and
has bad operability in practical work.
Therefore we introduced Monte Carlo
simulations to the estimation of effec-
tive dose for C-arm CT. The present
phantom study shows that the results
of Monte Carlo simulations can be used
for C-arm CT procedures. There was
good agreement between the results of
the calculation and TLD measurements
(P > 0.05). The dose distribution in the
direction of X-ray tube rotation was re-
vealed using PCXMC. The distribution
of the effective dose for each X-ray view
shows that the dose curve dropped in
the middle frames over C-arm CT; this
indicates that the characteristics of the
C-arm CT dose distribution differ from
those of CT.

In conclusion, there was a good cor-
relation (R?=0.97) between the DAP
and the effective dose per patient.
Therefore, the total DAP per procedure
gives a good indication of the radiation
dose to the patient with C-arm CT.
Consequently, the effective dose that
characterizes a patient’s stochastic risk
can be estimated using easily measur-
able DAP values. We also believe that
the use of an online measurement de-
vice such as a DAP meter that provides
real-time information regarding the
radiation dose is preferable to other
methods, such as TLD measurement.
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Figure 4. Correlation between dose-area product (DAP) and effective dose for each patient.
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