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INTRODUCTION

Despite advancements in computed tomography (CT) 
and magnetic resonance angiography, cerebral angiography 
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Objective: Three-dimensional rotational angiography (3D-RA) is increasingly used for the evaluation of intracranial aneurysms 
(IAs); however, radiation exposure to the lens is a concern. We investigated the effect of head off-centering by adjusting table 
height on the lens dose during 3D-RA and its feasibility in patient examination. 
Materials and Methods: The effect of head off-centering during 3D-RA on the lens radiation dose at various table heights 
was investigated using a RANDO head phantom (Alderson Research Labs). We prospectively enrolled 20 patients (58.0 ± 9.4 
years) with IAs who were scheduled to undergo bilateral 3D-RA. In all patients’ 3D-RA, the lens dose-reduction protocol 
involving elevation of the examination table was applied to one internal carotid artery, and the conventional protocol was 
applied to the other. The lens dose was measured using photoluminescent glass dosimeters (GD-352M, AGC Techno Glass Co., 
LTD), and radiation dose metrics were compared between the two protocols. Image quality was quantitatively analyzed using 
source images for image noise, signal-to-noise ratio, and contrast-to-noise ratio. Additionally, three reviewers qualitatively 
assessed the image quality using a five-point Likert scale.
Results: The phantom study showed that the lens dose was reduced by an average of 38% per 1 cm increase in table height. 
In the patient study, the dose-reduction protocol (elevating the table height by an average of 2.3 cm) led to an 83% reduction 
in the median dose from 4.65 mGy to 0.79 mGy (P < 0.001). There were no significant differences between dose-reduction and 
conventional protocols in the kerma area product (7.34 vs. 7.40 Gy·cm2, P = 0.892), air kerma (75.7 vs. 75.1 mGy, P = 0.872), 
and image quality.
Conclusion: The lens radiation dose was significantly affected by table height adjustment during 3D-RA. Intentional head off-
centering by elevation of the table is a simple and effective way to reduce the lens dose in clinical practice.
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remains the gold standard imaging method for evaluating 
neurovascular diseases, including intracranial aneurysms. 
Alongside standard digital subtraction angiography, 
three-dimensional rotational angiography (3D-RA) is an 
indispensable tool that can accurately determine the size 
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was collimated to ≤ 7.5 cm in accordance with the routine 
patient examination. The lens’ radiation dose was measured 
using three photoluminescent glass dosimeters (PLDs) on the 
right eye of the phantom. 

Dosimetry System
The PLD reader system comprises a glass dosimeter (GD-

352M, AGC Techno Glass Co., LTD) and an automatic reader 
unit (FGD-1000, AGC Techno Glass Co., LTD.) [17]. The glass 
dosimeter has a diameter of 1.5 mm and a length of 12 mm. 
The glass dosimeter holder (diameter, 4.33 mm; length, 14.52 
mm) was made of acrylonitrile butadiene styrene resin. A 
tin filter compensated for the high response in low-energy 
photons. The automatic reader unit was used to read out the 
signal, and each PLD was read ten times as programmed by a 
dedicated software [18].

The lens dose was defined as the entrance skin dose 
directly measured by the PLD in the area closest to the lens. 
Three PLDs were used per lens, and the average value was 
used to estimate the dose applied to the lens. The PLDs were 
placed side-by-side in a thin fabric pouch and were oriented 
perpendicular to the z-axis to prevent inter-PLD interference. 
One pouch was used for each eye and they were attached 
to either side of goggles, made of thin, transparent films. 
The pouches were placed as close as possible to the lateral 
canthus of each eye at the same level as the lens on the 
lateral view (Fig. 2). 

Radiation dose metrics were acquired using the onboard 
reference air kerma (mGy) and kerma area product (Gy·cm2) 
meters. The values, which were displayed in the equipment's 
dose report, were also compared.

Patient Study
Among the patients who were scheduled to undergo 

cerebral angiography for the diagnosis and pre-treatment 
evaluation of known unruptured intracranial aneurysms at 
Asan Medical Center between June 2022 and July 2022, we 
prospectively enrolled those scheduled for 3D-RAs of both 
internal carotid arteries (ICAs) due to suspicion of bilateral 
or an anterior communicating artery (ACoA) aneurysm. 
The exclusion criteria were as follows: 1) age ≤ 18 or > 80 
years, 2) any unexpected vascular lesion that required an 
additional angiogram, 3) intracranial materials including 
intracranial coils, clips, or embolic substances, and 4) refusal 
to participate. The ethics committee of Asan Medical Center 
approved this study (IRB No. 2022-0557), and informed 
consent was received from all patients (Fig. 3).

and shape of aneurysms, as well as their relationship with 
adjacent arteries [1-3]. However, 3D-RA entails additional 
radiation exposure and should, therefore, be used with 
caution [4,5].

Among the human organs, the eye is one of the most 
sensitive to radiation exposure, and the International 
Commission on Radiological Protection (ICRP) recommended 
limiting the radiation dose to the lens of the eye to reduce 
the risk of cataract [6]. However, as most aneurysms occur in 
the circle of Willis, the lens is inevitably exposed to radiation 
in 3D-RA. While many studies in the neurointerventional field 
have investigated different protocols for reducing radiation 
doses [7-15], few papers focused on dose reduction in 3D-
RA, and none specifically focused on reducing the dose to 
the lens. 

A phantom study in CT showed that head miscentering may 
be effective in reducing the radiation dose to the lens [16]. 
Accordingly, we hypothesized that the radiation dose in 3D-
RA to the eye lens could also be reduced by intentionally off-
centering the head by adjusting the imaging table height. We 
tested this hypothesis with a phantom model. assessing the 
feasibility of table height adjustment in reducing the dose to 
the lens during patient examination. 

MATERIALS AND METHODS

Study Design
The basic concept of the lens dose reduction protocol 

was to reduce the lens’ radiation exposure by increasing 
the patient table height during 3D-RA. The investigation 
comprised two parts: a phantom study and a patient 
study. The phantom study was first performed to verify 
our hypothesis that the table height would affect the lens’ 
radiation dose and to determine the optimal table height. 
The patient study was conducted to determine the feasibility 
of the protocol in actual patients. To minimize the variables 
that can affect the radiation dose, each patient underwent 
the lens dose reduction protocol and the conventional 
protocol, which acted as a control. 

Phantom Study 
3D-RA was simulated with various table heights using 

a RANDO head phantom (Alderson Research Labs). The 
reference field-of-view (FOV) was set to the center of the 
head (0 cm). 3D-RA was performed once at every 1 cm 
change in table height between 4 cm above and 3 cm below 
the center of the head (Fig. 1A). The z-axis of the FOV 
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Routine cerebral angiography, which consisted of bilateral 
ICA and vertebral artery grams and 3D-RA for intracranial 
aneurysms was performed in all patients. When performing 
the ICA 3D examinations, the dose reduction protocol was 

randomly applied to one side, and the conventional protocol 
without table adjustment was applied to the other side as a 
control. In the conventional protocol, the FOV was located 
at the center of the head in the posteroanterior and lateral 

Fig. 1. Method of table height adjustment for evaluation of lens dose in the phantom study. A: The zero point (0 cm) of the table was 
determined when the center of the field-of-view (cross) was at the center of the head in the lateral projection during three-dimensional 
rotational angiography. The table height was changed from -3 cm to +4 cm. Three photoluminescent glass dosimeters (PLDs) on the right 
eye were shown in the lower table positions (-2 and -3 cm). B: Radiation doses measured by PLDs at each table height. 

A

B C

Fig. 2. The location of photoluminescent glass dosimeters (PLDs). The scout images of the frontal (A) and lateral (B) planes. A, B: A 
transparent goggles with three PLDs (arrows) in each pocket was used to estimate the radiation exposure to the eye lens. C: PLDs (arrows) 
are located on both lateral canthi on the axial image. 
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views so that all intracranial arteries were included. The 
size of the FOV in the z-axis direction was the same in both 
protocols. In the lens dose reduction protocol, the table 
was raised so that the anterior end of the FOV was located 
just behind the choroidal blush (Fig. 4). Except for the table 
height, other parameters, including the size of the FOV and 
image acquisition protocols, were the same in both ICA 
grams. The head size of the patient was measured in both 
anteroposterior and lateral directions on cross-sectional 
images at the lens level.

Imaging Equipment
All angiograms were obtained using a biplane angiography 

machine (Artis Zee; Siemens). All 3D-RA was acquired with 
digital subtraction angiography (DSA) mode (two 5-second 
rotations) (Supplementary Table 1). The kVp, milliampere 
(mA), pulse width, and copper filter were automatically 
determined by the angiographic system in the fixed routine 
protocol. Image protocols in these studies were the same 
as the optimized routine protocol used in our angiography 
suite. After 3D reconstruction, an interactive reconstruction 
with manually reduced FOV was followed in both protocols 

Randomization of the side for each protocol in every patients

Patients who required 3D rotational angiography in both internal 
carotid arteries for unruptured intracranial aneurysm 

(n = 32)

Patients scheduled to undergo cerebral angiography 
from June 2022 to July 2022 

(n = 85)

Included: 20 patients (number of vessels: 40)

Conventional protocol 
(20 vessels in 20 patients)

Lens dose reduction protocol 
(20 vessels in 20 patients)

  Exlusion criteria (n = 12)
     1) Age ≤ 18 or > 80 years (n = 1)
     2) Unexpected another vascular lesion (n = 2)
     3) Previous materials such as coil or clip (n = 3)
     4) Rufused to participate in the study (n = 6)

Fig. 3. Flow diagram of patients enrollment. According to the inclusion and exclusion criteria, a total of 20 patients were enrolled. 3D = 
three-dimensional

Fig. 4. Application of the lens dose reduction protocol. A: After two-dimensional internal carotid angiography, an imaginary circle 
was drawn along the choroidal blush (arrows) on the lateral view in order to represent the eyeball. B: On a native lateral view during 
the three-dimensional (3D) rotational angiography setting, the table height was adjusted until the anterior end of the field-of-view 
(FOV) was moved to just outside the circle, which was an increase in the table height of about 2 to 2.5 cm. C: The FOV of the first 3D 
reconstruction was indicated by a green square, and the second by a yellow square in both protocols. Note that the size and position of 
the FOV of the final 3D image are the same for both protocols. D: A representative case of intracranial aneurysms using the conventional 
protocol (upper) and dose reduction protocol (lower).

A B C D
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to improve the spatial resolution of the reconstructed 3D 
images and solely include the area around the lesion of 
interest (Fig. 4).

Quantitative Image Analysis
For image quality assessment, axial 3D-RA source images 

were used to analyze the image noise, signal-to-noise ratio 
(SNR), and contrast-to-noise ratio (CNR). Image noise was 
determined as the standard deviation (SD) of the gray value 
by placing a region of interest (ROI; 1 cm2) in the target 
aneurysm or adjacent parent artery (if the aneurysm is too 
small) to exclude any possibility of artifacts or image quality 
degradation that may occur as the target lesion shifts off-
center while adjusting the height. The SNR was calculated 
by dividing the mean gray value of the target lesion by the 
image noise. The mean gray value and background noise 
were measured in the adjacent brain parenchyme. The CNR 
was calculated as the difference between the mean gray 
values of the target lesion and background, which was then 
divided by the background noise [19-21].

Qualitative Image Analysis
Three neuroradiologists (five years of experience each) 

independently assessed the image quality while blinded to 
the protocol used. A five-point Likert scale was used for 
image analysis: excellent (5-point: superior visualization of 
vasculature); good (4-point: good for visualization; small 
vessels also visible); fair (3-point: fair vessel visualization; 
distal parts of small arteries invisible but useful for 
diagnosis); poor (2-point: small arteries not discernible 
at all; larger arteries not sharply defined); fail (1-point: 
unsatisfactory for diagnosis).

Statistical Analysis
Continuous variables are expressed as mean ± SD or 

medians with interquartile ranges. Categorical variables are 
expressed as frequencies with percentages. The dose metrics 
in each protocol were compared using Student’s paired 
t-test or Wilcoxon signed-rank test (if the assumption of 
normality is violated on the Shapiro–Wilk normality test). 
Pearson correlation tests were performed to determine the 
relationships between head size and radiation dose metrics. 
P < 0.05 was considered to denote statistical significance. 
Gwet's agreement coefficient with quadratic weight was 
used to calculate the inter-rater reliability for image quality 
evaluation. All statistical analyses were performed using 
R Statistical Software, version 4.1.0 (R Foundation for 

Statistical Computing).

RESULTS

Phantom Study
The radiation dose applied to the lens area decreased as 

the table height was increased (i.e., center of the FOV moving 
toward the back of the head) (Fig. 1B). The lens dose was the 
highest (5.36 mGy) when the table height was the lowest, 
which was 3 cm lower from the reference point (0 cm); the 
dose decreased by an average of 38% per 1-cm increase in 
the table height. The lens dose sharply increased by more 
than two-fold when the table was lowered by 2 cm from the 
reference point, which is when the PLDs were included on the 
lateral projection (Fig. 1A). 

Patient Study
A total of 20 patients (female: 16 [80%], male: 4 

[20%]) were included in the study, whose mean age was 
58.0 ± 9.4 years (Table 1). Eleven patients had multiple 
aneurysms (total, n = 28 aneurysms). The locations of the 
cerebral aneurysms were as follows: distal ICA (16 aneurysms 
[43.3%]), ACoA (5 [13.5%]), anterior choroidal artery 
(5 [13.5%]), anterior cerebral artery (ACA) (4 [10.8%]), 
posterior communicating artery (3 [8.1%]), middle cerebral 
artery (2 [5.4%]), ophthalmic artery (1 [2.7%]), and 

Table 1. Baseline Characteristics of the Study Patients

Variables Values (n = 20)
Age, yr 58.0 ± 9.4
Sex, female 16 (80.0)
Patients with multiple aneurysms 11 (55.0)
Total number of aneurysms 37

Distal ICA 16 (43.3)
ACoA   5 (13.5)
AChA   5 (13.5)
ACA   4 (10.8) 
PCoA 3 (8.1)
MCA 2 (5.4)
Ophthalmic artery 1 (2.7)
VA 1 (2.7)

Head size, mm
Anteroposterior length 178.4 ± 7.5
Lateral length 154.0 ± 8.4

Data are presented as mean ± standard deviation or number 
(percentage) unless otherwise indicated. ICA = internal carotid 
artery, ACoA = anterior communicating artery, ACA = anterior cerebral 
artery, PCoA = posterior communicating artery, AChA = anterior 
choroidal artery, MCA = middle cerebral artery, VA = vertebral artery
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vertebral artery (1 [2.7%]). 
On 3D examinations, the lens dose reduction protocol 

was applied to one ICA, and the conventional protocol was 
applied to the other ICA, and 11 (55%) patients had the lens 
dose reduction protocol applied on the right side. The table 
height was 2.3 cm higher on average on the side where the 
dose reduction protocol was applied. All target aneurysms 
were included in the FOV. The average radiation dose was 
83% less on the dose reduction protocol side compared with 
the conventional protocol side (median of 0.79 vs. 4.65 mGy, 
P < 0.001) (Fig. 5). In both protocols, the doses measured 
in both eyes were not significantly different. In terms of 
overall radiation dose, there were no significant differences 
in the kerma area product (median of 7.34 vs. 7.40 Gy·cm2, 
P = 0.892) and air kerma (mean of 75.7 vs. 75.1 mGy, P = 
0.872) between the two protocols (Table 2).

On the conventional protocol side, the lens dose 

was significantly higher in patients with a smaller 
anteroposterior head length (R = -0.56, P = 0.009). In 
contrast, on the dose reduction protocol side, there was 
no significant difference in the dose according to the 
anteroposterior length (R = 0.04, P = 0.873) (Supplementary 
Fig. 1). The rate of dose reduction on the dose reduction 
protocol side was significantly greater in patients with a 
smaller anteroposterior length (R = -0.58, P = 0.007). In 
both protocols, the lateral length had a positive correlation 
with the anteroposterior length (R = 0.67, P = 0.001) and 
the lens dose.

In the quantitative analysis, the degree of image noise 
(mean 190.0 vs. 189.9, P = 0.997) was not significantly 
different between the two protocols. There were no 
significant differences in the SNR (mean 34.3 vs. 35.0, P = 
0.910) and CNR (mean 90.5 vs. 79.8, P = 0.350) between 
the two protocols. In the qualitative analysis, image quality 

Table 2. Comparison of the Conventional Protocol versus the Dose Reduction Protocol in Terms of Radiation Dose and Image Quality

Variables Conventional Dose Reduction P
Lens radiation dose, mGy 4.65 (3.99–4.94) 0.79 (0.63–0.91) < 0.001

Right lens 4.64 ± 0.97 0.81 ± 0.27 < 0.001
Left lens 4.79 ± 1.86 0.79 ± 0.22 < 0.001

Kerma area product, Gy·cm2 7.40 (6.40–7.69) 7.34 (6.35–7.89)    0.892
Air kerma, mGy 75.1 ± 11.9 75.7 ± 11.7    0.872
Quantitative image analysis

Image noise 189.9 ± 84.1 190.0 ± 103.5    0.997
SNR   35.0 ± 17.1 34.3 ± 18.9    0.910
CNR   79.8 ± 28.5 90.5 ± 38.5    0.350

Qualitative image analysis   4.23 ± 0.49 4.23 ± 0.41    0.769

Data are presented as mean ± standard deviation or median (interquartile range) unless otherwise indicated. Continuous variables were 
compared using Student’s t-test or Wilcoxon signed rank test according to the results of the Shapiro–Wilk normality test. SNR = signal-to-
noise ratio, CNR = contrast-to-noise ratio

Fig. 5. The comparisons between conventional protocol and lens dose reduction protocol. A-C: Radiation doses measured to the eye lens, 
kerma area product (KAP), and air kerma (AK) values in the conventional protocol and the lens dose reduction protocol.
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was not significantly different between the protocols (mean 
4.23 vs. 4.23, P = 0.769). The inter-rater reliability was 
deemed satisfactory (0.62–0.65).

DISCUSSION

In our phantom study, we found that adjustment of the 
table height could significantly reduce the radiation exposure 
to the lens of the eye during 3D-RA, as the dose measured 
at the lens decreased by an average of 38% for every 1 cm 
increase in table height. Accordingly, the patient study 
showed that raising the table height by 2.3 cm, on average, 
led to an 83% reduction in lens radiation exposure without 
affecting the image quality. We also found that subjects with 
smaller head sizes had a higher lens dose, and the lens dose 
reduction protocol was more effective in these subjects.

In 2011, based on recent epidemiological studies, the 
ICRP revised the absorbed dose threshold for inducing 
cataracts to below 0.5 Gy, and the annual equivalent dose 
limit for occupational lens exposure from 150 mSv to 20 
mSv, averaged over five consecutive years, with no single 
year exceeding 50 mSv [6]. The equivalent dose measured 
in the lens for cerebral angiography ranged from 5.5 to 12 
mSv in previous phantom and clinical studies [4,22,23]. In 
our study, the mean absorbed dose in the lens during 3D-
RA with two rotations was 4.7 mGy, which decreased to 0.8 
mGy with the lens dose reduction protocol. While the dose 
for the 3D-RA alone did not reach the established threshold, 
it may hold significance when considering two-dimensional 
DSA, subsequent endovascular treatments, or follow-
up angiography, which necessitate considerably higher 
radiation levels [23]. Moreover, lens opacity could manifest 
at dose levels below the current threshold, and given the 
uncertainties surrounding the dose threshold, it is essential 
to make continuous efforts to minimize the radiation dose 
applied to the lens [24].

The conventional low-dose protocols have primarily 
focused on reducing overall radiation exposure by lowering 
the detector entrance dose [7-9,25], while the lens dose 
reduction protocol aims to selectively decrease lens exposure 
without significantly altering the overall beam quality. The 
reduction in lens dose via table height adjustment is likely 
due to several mechanisms. First, when the tube is located 
laterally or on the anterior oblique aspect during 3D-RA, the 
lens is directly exposed to radiation without attenuation by 
the head. However, if the lens is excluded from the lateral 
FOV by increasing the table height, the dose is drastically 

reduced. The same mechanism may explain why the lens 
dose was higher in patients with smaller head sizes, where 
the lens is more likely to be included in the FOV on lateral 
tube position. Second, when the table is elevated, the 
number of frames that include the lens can be reduced. 

Previous studies reported the effects of off-centering in 
CT in terms of radiation dose and noise [16,26,27]. When the 
center was lowered, the upper part of the patient became 
further away from the center and received a lower dose. On 
the other hand, the imaging noise increased as the target 
area moved away from the center, caused by the bow tie filter 
of the CT [16,27]. However, 3D-RA uses a flat-panel detector 
that does not employ such a filter; therefore, the noise would 
not be an issue as long as the radiation dose from the tube, 
which is estimated as the air kerma value, remains constant. 

There are some potential issues when applying the lens 
dose reduction protocol. First, by raising the table, the far 
distal branch of the ACA may not be included in the 3D 
image because approximately 2 cm of the anterior aspect 
of the head is no longer included in the FOV. Therefore, 
this protocol cannot be applied when a lesion is suspected 
in that area. Second, if the empty space behind the head 
is included in the FOV while raising the table, the average 
attenuation of the FOV may decrease. Therefore, the radiation 
dose can be reduced by automatic exposure control, which 
can potentially affect image quality. Such an effect may be 
avoided by locating the Measuring Field in the center, and 
there was no significant difference in the kerma area product 
and air kerma values between the two groups in our study.

A simpler and more fundamental way to reduce the lens 
dose in 3D-RA would be to enable collimation in the x- and 
y-axes; however, in most angiographic machines, collimation 
is only available on one axis (top-bottom) in 3D-RA due to 
the truncation artifact. Although the latest angiographic 
machine enables partial left-right collimation in cone-beam 
CT acquisition, truncation artifacts might still be seen with 
overly narrow collimation in this axis. Lens dose reduction 
may be easily attained if this collimation could be performed 
without severe artifacts. Another way to reduce lens dose by 
decreasing FOV would be to use zoom. Although this method 
can simply reduce the FOV, the radiation dose (air kerma) 
can increase in proportion to the zoom factor, and the net 
effect on the lens dose has not been investigated.

Our study has some limitations. First, the lens dose 
measured in both the phantom and patient studies may not 
fully represent the actual lens dose as the measurements had 
to be taken at the lateral canthus of both eyes, closest to 
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the lens, rather than the actual position of the lens. Second, 
the lens dose measurement was performed only during 3D-RA 
because the number of PLDs and frequent PLD replacement 
could interfere with the examination. Therefore, it was not 
possible to evaluate how much the protocol affected the 
total dose of cerebral angiography. 

In conclusion, our phantom study demonstrated that the 
lens’ radiation dose decreased as the table height increased 
during 3D-RA. Furthermore, our patient study showed that 
lens dose reduction by intentional head off-centering was 
feasible in clinical practice as the lens dose was reduced 
by 83% with a slight table elevation without affecting the 
image quality. This approach can be particularly beneficial 
for patients who require serial DSA examinations, where lens 
radiation exposure is inevitable.
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