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BACKGROUND AND PURPOSE: While the number of CTA examinations is continually increasing com-
pared with DSA examinations, there is little comparative dose information about the different imaging
techniques. We compared patient radiation exposure resulting from diagnostic CTA and DSA exami-
nations for both cerebral and cervicocerebral vessels.

MATERIALS AND METHODS: An anthropomorphic phantom was irradiated by using typical diagnostic
CTA and DSA setups and imaging parameters. For both imaging techniques, the imaging area of
cerebral vessels included intracranial vessels only, while the imaging area of cervicocerebral vessels
included both cervical and intracranial vessels from the aortic arch to the vertex. The effective dose
was determined by using RPLDs. The DSA examination was simulated by using a biplane angiography
system, and the CTA examination, by using a 64-row multidetector CT scanner.

RESULTS: For the imaging of cerebral vessels, the effective dose according to ICRP 103 was 0.67 mSv
for CTA and 2.71 mSv for DSA. For the imaging of cervicocerebral vessels, the effective dose was 4.85
mSv for CTA and 3.60 mSv for DSA. The maximum absorbed dose (milligray) for skin, brain, salivary
glands, and eyes was 166.2, 73.5, 35.6, and 21.8 mGy for DSA and 19.0, 16.9, 20.4, and 14.8 mGy for
CTA, respectively. The conversion factors from DAP and DLP to effective dose were calculated.

CONCLUSIONS: The effective dose for CTA assessment of cerebral vessels was approximately one-
fifth the dose compared with DSA. In the imaging of cervicocerebral vessels, the effective dose for
CTA was approximately one-third higher compared with DSA.

ABBREVIATIONS: AEC � automatic exposure control; CV � coefficient of variation; DAP � dose-
area product, DLP � dose-length product; ICRP � International Commission on Radiological
Protection; RPL � radiophotoluminescence; RPLD � radiophotoluminescence dosimeter

The combination of 3D rotational and 2D DSA produces
high-resolution and high-contrast images of the cervical

and cerebral vessels.1-3 Multidetector CTA also permits rapid
scanning with a narrow section thickness and isotropic voxel
data with superior resolution in the z-axis to evaluate cerebral
and cervical vascular pathologies.1,4 An important principle
guiding the diagnostic use of radiation is to keep the radiation
exposure as low as reasonably achievable. Because DSA and
CTA have very different irradiation geometries and the radia-
tion exposure is reported in different quantities, the effective
dose is a useful means of comparing the stochastic risks, such
as cancer induction, malignant disease or heritable effects
caused by an exposure to ionization radiation.5 The absorbed
doses of organs predict the deterministic risks such as a tem-
porary epilation, hair loss, or opacity of the lens.6-9

Previous investigations have indicated a large variation be-
tween radiation exposures for cervical and cerebral angiogra-

phy, depending on the imaged area and the imaging technique
used.2,3,10-14 A comparison of the radiation exposure between
CTA and DSA methods has not been previously performed by
using the same dose-measurement setup, to our knowledge.
Also, the lack of reliable conversion factors for angiographic
examinations complicates the comparison between the differ-
ent imaging methods.

In the present study, our aim was to objectively compare
the radiation exposure of CTA and DSA, by using the same
dose-determination technique. The radiation exposure was
determined for both imaging techniques for a typical 4-vessel
angiography of the cerebral area, including intracranial ves-
sels, and for the cervicocerebral area, including both cervical
and intracranial vessels. The determination of the organ and
effective doses of the patients was based on phantom dose
measurements with RPLDs. Conversion factors from the DAP
and the DLP to the effective dose were calculated.

Materials and Methods

Imaging Equipment and Protocols
CTA was performed by using a 64-row multidetector CT scanner

(Somatom Sensation 64; Siemens, Erlangen, Germany). For DSA, we

used biplane angiography equipment (Integris Allura 12 and 15 bi-

plane; Philips Healthcare, Best, the Netherlands). To determine organ

and effective doses, we used diagnostically optimized protocols of

CTA and DSA for cerebral (intracranial) and cervicocerebral (from
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the aortic arch to vertex) vessels (Tables 1–3). The imaging of the

cerebral vessels began at phantom level 5, and the cervicocerebral

vessels, at phantom level 15 (Fig 1). For CTA, a protocol with AEC was

used when imaging the cerebral vessels. AEC was not used for imaging

cervicocerebral vessels, to maintain adequate image quality through-

out the imaging area. The overeffective tube-current modulation in

the head area in this AEC implementation reduces sensitivity in de-

tecting small aneurysms or small arteries. Therefore, the CTA proto-

col with constant tube current is routinely used for examination of

cervicocerebral vessels at our institution. The optimization was done

to prevent false-negative and confusing results, which may evoke an-

other angiographic examination, such as DSA. The DSA protocols

were also optimized by a neuroradiologist and are in routine clinical

use at our institution.

Dose Measurement
Dose measurements were performed by simulating CTA and DSA

acquisitions with an anthropomorphic phantom (Alderson-Rando

Phantom; Alderson Research Laboratories, Long Island City, New

York) consisting of a human skeleton and simulated lung tissue with

similar attenuation as that of lung, encased in tissue-equivalent plastic

material. The phantom is molded to the shape of the human body and

divided into transverse sections of 2.5-cm thickness, including holes

in the z-direction to place the long axis of the dosimeters perpendic-

Table 2: Technical parameters for different DSA examinations; protocol 1: diagnostic angiography of cerebral vesselsa

Vessels RICA Head RICA Head RICA Head RICA Head RVA Head LICA Head LVA Head
Projections for DSA runs AP/LAT biplane Oblique monoplane Oblique monoplane 3D RA AP /LAT biplane AP/LAT biplane AP/LAT biplane
fps:duration 2 fps:4 s 2 fps:4 s 2 fps:4 s 25 fps:4 s 2 fps:4 s 2 fps:4 s 2 fps:4 s

1 fps:5 s 1 fps: 2 s 1 fps:2 s 1 fps:5 s 1 fps:5 s 1 fps:5 s
No. of frames 26 10 10 100 26 26 26
FOV (cm) 22/23 17 17 17 22/23 22/23 22/23
SID 102/99 102 103 119 104/99 106/100 102/101
kV(p) (AP/LAT) 80/75 85/– 82/– 92/– 80/75 80/75 80/75
mAs per f (AP/LAT) 91/25 102/– 101/– 1.1/– 114/28 97/25 92/27

Note:—RICA indicates right internal carotid artery; LICA, left internal carotid artery; RVA, right internal vertebral artery; LVA, left internal vertebral artery; 3D RA, 3D rotational angiography;
AP, anterior posterior direction; LAT, lateral direction; fps, frames per second; SID, source to image distance (cm); mAs, tube current time product; Al, aluminum, HVL, half-value layer;
Cu, copper.
a AEC was used. Filtration was 2.9 mm Al HVL and 0.1 mm Cu. The total number of frames was 224 in protocol 1 and 275 in protocol 2. The fluoroscopy time was 5 minutes in both protocols.

Table 3: Technical parameters for different DSA examinations; protocol 2: diagnostic angiography of cervicocerebral vesselsa

Vessels
Aortic
Arch

RICA
Neck

RICA
Head

RICA
Neck

RICA
Neck RVA Neck

RVA
Head LICA/Neck

LICA
Head LVA Neck

LVA
Head

Projections AP Obliq. LAT
biplaneb

AP/LAT
biplaneb

3DRA Obliq.
monoplane

Obliq.
monoplane

AP/LAT
biplaneb

Obliq. LAT
biplaneb

AP/LAT
biplaneb

Obliq.
monoplane

AP/LAT
biplaneb

fps 1 2 and 1 2 and 1 25 1 1 2 and 1 2 and 1 2 and 1 1 2 and 1
Duration(s) 15 3 and 1 3 and 7 4 10 9 3 and 7 3 and 1 3 and 7 9 3 and 7
No. of frames 15 14 26 100 10 9 26 14 26 9 26
FOV (cm) 30 22/23 22/23 17 17 30 22/23 22/23 22/23 30 22/23
SID 104 105/107 102/99 119 103 105 104/99 105/104 106/100 104 102/101
(AP/LAT)
kV(p) (AP/LAT) 70/– 80/75 80/75 75/– 80/– 79/– 80/75 80/75 80/75 80/– 80/75
mAs/f (AP/LAT) 31/– 20/16 73/24 1.0/– 31/– 14/– 71/26 26/15 71/25 20/– 71/27

Note:—Obliq. Indicates oblique; RICA, right internal carotid artery; LICA, left internal carotid artery; RVA, right internal vertebral artery; LVA, left internal vertebral artery, 3D RA, 3D
rotational angiography; AP, anterior posterior direction; LAT, lateral direction; fps, frames per second; SID, source to image distance (cm); mAs, tube current time product; Al, aluminum;
HVL, half-value layer; Cu, copper.
a AEC was used. Filtration was 2.9-mm Al HVL and 0.1-mm Cu. The total number of frames was 224 in protocol 1 and 275 in protocol 2. The fluoroscopy time was 5 minutes in both protocols.
b The imaging is shown in 2 parts: fast-phase and slow-phase.

Table 1: Technical parameters for different CTA examinations

Scan Parameters
Protocol 1:

Cerebral Scan with AEC
Protocol 2:

Cervicocerebral Scan without AEC
Topogram 120 kV(p), 35 mAs 120 kV(p), 60 mAs
Premonitoringa 120 kV(p), 40 mAs 120 kV(p), 40 mAs
Monitoringb 120 kV(p), 40 mAs 120 kV(p), 40 mAs
Tube voltage (kV�p�) 100 120
Effective mAs/quality ref. mAs 148/160 160 (constant tube current)
Pitch factor 1.20 1.20
Rotation time (sec) 0.5 0.33
Acquisition 64 � 0.6 mm 64 � 0.6 mm
Slice collimation (mm) 0.6 0.6
Section width (mm) 4.0 5.0
Scan range (cm) 19 41
a One section scanned at the level of aortic arch.
b Five sections scanned at the level of aortic arch.

2 Manninen � AJNR ● � ● 2012 � www.ajnr.org



ular to the photon beam. Simulated breast tissue is made of paraffin

with similar attenuation as fat. RPLDs were implanted in each organ

as previously published.15 All organs within the primary beam were

covered by the dosimeters. Dose measurements were also performed

for organs outside the primary beam because these are exposed to

scattered radiation.

Depending on the organ volume, 1–9 dosimeters were placed in

the organ in the same positions with both imaging methods. Also,

depending on the acquisition protocol, the phantom was equipped

with at least 69 RPL dosimeters (On-line Table 1 and On-line Fig 1).

Three simulation runs were performed for both CTA and DSA pro-

cedures. The phantom was adjusted on the CT imaging table by using

laser light. Each CTA scan was rerun 3 times, and the absorbed dose

recorded by the dosimeters was divided by 3 to give the result of 1

scan. Laser light positioning was not available for DSA, which could

cause some uncertainty in the different simulation runs. The mean

dose of the dosimeters represents the organ dose. The equivalent

doses for the tissues, such as active bone marrow, bone surface, colon,

skin, extra thoracic airways, lymph nodes, and muscles, were calcu-

lated in accordance with previous publications.16-19 Various tissues or

organs were assigned in the definitions of the ICRP of the effective

dose. The effective dose is defined as follows: E � �TWT � HT, where

WT is the tissue-weighting factor for both ICRP 60 and ICRP 103

definitions (On-line Table 1). HT � �RWR � DT,R, where WR is the

radiation weighting factor and DT,R (mGy) is the absorbed dose mea-

sured in tissue (T) with radiation (R). For x-ray photons, WR � 1, so

the equivalent dose is numerically equal to the mean absorbed dose in

milligrays.20,21

Dosimetry Technique
The RPLD GD-352M with a tin filter (Dose Ace, glass dosimeter;

Asahi Techno Glass, Funabashi City, Japan) and the FDG-1000 reader

(ATGC-2004; Asahi Techno Glass) were used for dose measurements,

as described previously.22 Dose calibration for dosimeters was per-

formed against an ionization chamber confirmed by a radiation

model controller (model 9015, with model 10 � 6 – 6, General Pur-

pose In Beam Chamber; Radial Corporation, Monrovia, California),

which is calibrated once a year. The DAP was given by the DAP meter

of the imaging equipment. Calibration accuracy for the RPLD, ion-

ization chamber, and DAP meter was determined (On-line Table 2).

Measurement Uncertainties and Statistical Analysis
In this work, the standard uncertainty of individual RPL was calcu-

lated according to international recommendations23 as follows: u(Di)

� ([uD(Rmeas)]2 � [uD(KE)]2)0.5, where uD(Rmeas) is the standard

uncertainty of the RPL measurement and uD(KE) is the standard un-

certainty of the energy correlation factor. In this study, uD(Rmeas) �

6.0% (20 �Gy-11 mGy) and uD(KE) � 6.0% (75–125 keV). Then

u(Di) � 8.5%. Each DSA acquisition and each CTA protocol 1 were

simulated 3 times. The standard uncertainty of the estimated dose (D)

for each measurement point was calculated by u(D) � 1 / N0.5 �

u(Di). With 3 experiments and 1 dosimeter in each measurement

point, n � 3 and u(D) � 4.9%. CTA protocol 2 was simulated once:

thus, n � 1 and u(D) � 8.5%.

Results
The mean equivalent doses to the organs and the effective
doses are displayed in On-line Table 3. The present study
showed, for cerebral vessels, that the effective dose for CTA
was one-fifth the dose compared with DSA. In the imaging of
the cervicocerebral vessels, the effective dose for CTA was ap-
proximately one-third higher compared with DSA.

For the assessment of cerebral vessels, the absorbed doses in
the head area for DSA were 2–7 times higher than those for
CTA. The absorbed doses for the thyroid, thymus, and esoph-
agus were somewhat similar, with low doses in these regions.
For the assessment of cervicocerebral vessels, the absorbed
doses in the head area for DSA were 2–3 times higher than
those for CTA, whereas for the thyroid, thymus, and esopha-
gus, the doses were higher in the CTA examination. The ab-
sorbed doses for the thoracic and abdominal region were
higher in CTA than in DSA examinations.

Reproducibility of the RPLD measurements indicated suf-
ficient accuracy in diagnostic radiology. The CV of the ab-
sorbed dose measurements was 4.5% on average for CTA and
9.0% on average for DSA, respectively. However, CV% was
only 0.6%–3.6% for the effective-dose measurements for all
examinations.

Discussion
The aim of the present study was to objectively compare the
radiation exposure due to DSA versus CTA for the diagnostic
assessment of cerebral and cervicocerebral vessels by using the
same dose-determination technique. The effective dose facili-
tates the comparison of biologic effect between the diagnostic
examinations of different types or those having different ac-
quisition parameters. The absorbed dose of the organs was
determined to calculate the effective dose and to obtain infor-
mation relative to dose levels causing deterministic risks. To
our knowledge, this is the first study to compare DSA and CTA
doses in a phantom and to determine the effective dose ac-
cording to the new organ-weighting factors of the ICRP.

The radiation-related stochastic risk of a diagnostic cere-
bral angiography examination is primarily focused on the
brain and the salivary glands.6 The increased risk of benign
and malignant tumors of the brain is small in comparison with
the likelihood of developing malignancy in elderly patients
who usually undergo such examinations.24 Nevertheless, in-
creased cancer risk exists for children and younger patients.
The estimated lifetime risk of developing radiation-related
brain cancer relative to nonexposed children was increased by

Fig 1. The imaging of the cerebral vessels began at phantom level 5, and the cervicoce-
rebral vessels, at phantom level 15. RPL dosimeters are shown as bright rods in the scout
image.
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2%–10% when the average absorbed dose to the brain was 17
and 163 mGy, respectively.25 The prevalence of salivary gland
tumors is 3% of all head and neck cancers.26 Increased cancer
risk for the salivary glands has been reported after an 11-year
latency period with low-dose irradiation27 and for young pa-
tients at �20 years after undergoing radiation therapy treat-
ment.28 Leukemia related to radiation exposure is a conse-
quence of the active bone marrow exposed to high radiation
doses.21 The active bone marrow of the head area accounts for
11% of the total active bone marrow16 and does not play a
considerable role in relation to leukemia risk for adults. ICRP
notes that the absorbed dose range up to around 100 mGy does
not generate clinically relevant functional impairment for any
tissue. The threshold value for opacities of the lens is 500-2000
mGy, and for skin epilation or temporary hair loss, 2000 –3000
mGy.21

Our study indicated a low stochastic risk for CTA proce-
dures of the cerebral vessels. The effective dose is 5 times lower
than that in the same examination with DSA. Similarly, the
organ doses over the primary beam area in CTA were lower
compared with DSA. The higher stochastic risk for a DSA pro-
cedure of the cerebral vessels was strongly dependent on
higher absorbed doses in the head and neck area. The stochas-
tic risk increases with cervicocerebral examinations, because
the irradiation exceeds the areas of radiosensitive organs,
which are weighted for the highest cancer risk.21 The present
study showed that a CTA procedure for cervicocerebral vessels
induces a 35% higher stochastic risk compared with the same
examination with DSA. The absorbed doses of the thyroid,
thymus, esophagus, and lungs were higher with the CTA pro-
cedure than with DSA.

The reason for this higher risk is the imaging technique and
parameters used in CTA scanning for cervicocerebral vessels.
The tube voltage, tube current, and scan speed must be kept
high enough to acquire images with sufficient quality and to
maintain image resolution comparable with that in DSA. Also,
a thin acquisition-section width is necessary to avoid partial
volume artifacts.3,29 The imaging parameters above result in
improved spatial resolution and higher radiation exposure.
While CTA provides high image quality, DSA is still generally
considered the criterion standard. Differences between the
image quality of DSA and CTA are explained by the vessel-to-
background ratio and are enhanced in DSA due to the subtrac-
tion technique, eliminating undesirable image information.3

The DSA technique enables the use of lower tube voltage and
tube-current time product than with CTA. With DSA proce-
dures, the number of images acquired contributes to increas-
ing radiation exposure of the patient.30 In this work, the num-
ber of images acquired was optimized to produce sufficient
information for diagnosis. If more images are required with
difficult cases, then the dose-area product and effective dose
will increase by the same factor when irradiation is directed to
the same area of the body. Because the effective dose is depen-
dent on the body area where the radiation-sensitive organs are
located, the conversion factors calculated in this study are a
useful tool for determining the effective doses of the proce-
dures with a variable number of images.

Previously, a large variation has been observed with the
effective doses ranging from 2.1 to 7.4 mSv for cerebral an-
giography examinations by using DSA.2,10,11,14 The effective

doses determined in this study were 3.2 mSv (ICRP 60) and 2.7
mSv (ICRP 103), which are in concordance with those in pre-
vious studies.2,10 In the present study, the DAP to effective-
dose conversion factors for a cerebral DSA examination were
0.065 (ICRP 60) and 0.056 mSv/Gy-cm2 (ICRP 103), which
are somewhat smaller compared with those in previous re-
ports.2,10,11 In the present work, the smaller conversion factor
for ICRP 103 is a result of the adjustment of the effective dose-
calculation scheme between ICRP 60 and ICRP 103; the
weight for a high brain dose is higher in ICRP 60 as opposed to
ICRP 103. The conversion factors for a cervicocerebral DSA
procedure were 0.067 (ICRP 60) and 0.071 mSv/Gy-cm2

(ICRP 103) and are somewhat higher than those for the cere-
bral examination, due to the exposure to radiation-sensitive
organs in the cervical and thoracic area (ie, thyroid, thymus,
sternum, esophagus, and lungs). The conversion factors for
cervicocerebral DSA examinations have not been previously
published, to our knowledge.

In the assessment of cerebral vessels, the effective doses for
CTA were previously reported as 1.9 and 1.6 mSv.12,13 In the
present study, the corresponding doses were 0.66 mSv (ICRP
60) and 0.67 mSv (ICRP 103). The same scanner type and
protocol parameters and phantom-dosimeter method were
used; only the scan length was 6 cm longer compared with that
in the present study.12 This explains the 7–20 times higher
absorbed doses for the esophagus and thyroid and the almost 3
times higher effective dose compared with our results. Also a
much higher tube voltage (140 versus 120 kV) was used, and
the effective dose was determined by using a previously deter-
mined conversion factor.13

In the assessment of cervicocerebral vessels, the effective
doses for CTA were previously reported as 2.8 and 5.4
mSv.12,13 In the present work, the corresponding doses were
4.2 mSv (ICRP 60) and 4.9 mSv (ICRP 103). Cohnen et al12

used a shorter cervical scan length and a lower effective
tube-current time product compared with the present
study. Mnyusiwalla et al13 used the same scan area as in the
present study, but the tube voltage was higher and the ef-
fective dose was computed by using predetermined conver-
sion factors. An effective dose of 2.2– 4.3 mSv for cervico-
cerebral examinations by using 4-section to �64-section
CT scanners has been reported.3 In general, the effective
dose of CTA is strongly dependent on the CT scanner type
and the protocol parameters used (ie, the scan length, the
tube voltage, and the tube-current time product).

The conversion factors in the present study were 0.0025
mSv/mGy-cm (ICRP 60) and 0.0026 mSv/mGy-cm (ICRP
103) for CTA of the cerebral vessels. Both are somewhat higher
compared with the conversion factor of 0.0021 mSv/mGy-cm
reported for CT of the head.13 In the present study, the con-
version factors for CTA of the cervicocerebral vessels, scanned
from the aortic arch to the vertex with constant tube current,
were 0.0086 (ICRP 60) and 0.0098 (ICRP 103). These differ
from the conversion factor of 0.00345 for a head and neck CT
scan, which is calculated as an average of the head and neck
conversion factors 0.0021 and 0.0048.13 The average value un-
derestimates the effective dose and does not represent the cer-
vicocerebral CTA scan. If the conversion factor from DLP to
the effective dose is used with CTA, the scan length and area
must be the same as in the setup to determine the conversion
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factor. The reason for this is that the effective dose is in relation
to the area of radiation-sensitive organs, and the DLP depends
highly on the scan length.

This study reveals that the absorbed doses to the skin,
brain, salivary glands, and eyes during diagnostic CTA exam-
inations are lower than those for DSA. Radiation cataract for-
mation has been observed in adults after � irradiation to 100
mGy during childhood.31 In a diagnostic procedure, the 100-
mGy threshold21 for brain and skin may be exceeded with
children.32 The radiation-related injuries must be taken into
consideration in the rare cases of imaging infant patients, who
often arrive for follow-up studies or require repeated treat-
ments. Also, uncommon radiation-induced hair loss has been
reported in patients undergoing several diagnostic DSA and
CTA angiography examinations of the brain in a short time
interval.7 A character of such deterministic effects is that the
threshold dose is lower than that when the effects become
detectable.

The current setup provides comparable and objective in-
formation on the radiation exposure due to CTA and DSA.
The coefficient of variation for consecutive simulation runs
was under 3.6% for the effective doses. This is in the range of
the overall standard uncertainty in patient dose measurements
in diagnostic radiology, which is defined as �12%,33 and 20%
accuracy is acceptable in cases in which the organ dose is low.34

While phantom measurements provide dose data in an aver-
age-sized patient, for such a comparative approach, the use of
a phantom yields the most comparable data.

Conclusions
The present study showed that radiation exposure with CTA
examinations for the cerebral vessels yields a 5 times lower
effective dose for the patient than the same examination per-
formed with DSA. The cervicocerebral CTA protocol causes a
one-third higher effective dose compared with the same exam-
ination with DSA. This study reveals that the absorbed doses to
the skin, brain, salivary glands, and eyes during diagnostic
CTA examinations are lower than those for DSA. The conver-
sion factors determined in this study can be used to estimate
the effective dose in CTA and DSA of cerebral and cervicoce-
rebral vessels.
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