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Abstract: Evaluation of patient radiation dose after the implementation of a high kV technique during
a cerebral angiographic procedure is an important issue. This study aimed to determine and compare
the patient radiation dose of intracranial aneurysm patients undergoing cerebral angiography using
the conventional and high kV techniques in a retrospective study and a phantom study. A total of
122 cases (61 cases with conventional technique and 61 cases with high kV technique) of intracranial
aneurysm patients, who underwent cerebral angiographic procedure and met the inclusion criteria,
were recruited. The radiation dose and the angiographic exposure parameters were reviewed
retrospectively. The radiation dose in the phantom study was conducted using nanoDotTM optically
stimulating luminescence (OSLD), which were placed on the scalp of the head phantom, the back
of the neck, and the phantom skin at the position of the eyes. The standard cerebral angiographic
procedure using the conventional and high kV techniques was performed following the standard
protocol. The results showed that the high kV technique significantly reduced patient radiation dose
and phantom skin dose. This study confirms that the implementation of a high kV technique in
routine cerebral angiography for aneurysm diagnosis provides an effective reduction in radiation
dose. Further investigation of radiation dose in other interventional neuroradiology procedures,
particularly embolization procedure, should be performed.

Keywords: high kV; cerebral angiography; aneurysm diagnosis; radiation dose; optically stimulating
luminescence dosimeter

1. Introduction

Intracranial aneurysm is the main cause of subarachnoid hemorrhage (SAH), with a
mortality rate of approximately 40%, and a leading cause of disability [1–3]. The worldwide
incidence of SAH is 6.67 per 100,000 people [4]. Cerebral angiography using bi-plane
digital subtraction angiography (DSA) with two-dimensional angiography (2DA) and
three-dimensional rotational angiography (3DRA) is the gold standard for the diagnosis of
intracranial aneurysm [5]. Although cerebral angiography provides a high effectiveness
in this issue, the exposure of patients to high radiation dose is also mentioned [6]. A high
radiation dose may cause deterministic skin injury and increases the risk of stochastic or
cancer effect [7]. Therefore, the optimization of angiographic technique and radiation dose
has gained much attention.

Numerous studies have demonstrated the effectiveness of optimization techniques in
cerebral angiographic procedures [8–11]. According to the differences in each DSA unit,
the work process, and the factors affecting radiation dose, proper optimization technique
should be of concern. A previous study of our institute revealed that the radiation dose
of the cerebral angiographic procedure for intracranial aneurysm diagnosis gradually
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increased. Moreover, the typical value of radiation dose from this procedure was also
found to be higher than the values used in other institutes. The main factor affecting
radiation dose was a reduction in kV in 2DA, which in turn increased the mAs value
and radiation dose [12]. The use of a high kV technique in 2DA had been performed
and implemented since 1 July 2019 to reduce radiation dose. The clinical image quality
had been approved by the interventional neuroradiologist. However, the monitoring and
investigation of patient radiation dose, which is regarded as an important step for dose
optimization process, [13] had not been performed. This study aimed to determine and
compare the patient radiation dose of intracranial aneurysm patients undergoing cerebral
angiography using conventional and high kV techniques in a retrospective study and a
phantom study.

2. Materials and Methods
2.1. Study Design and Ethical Consideration

This study used a comparative study design to determine radiation dose from a
retrospective study by collecting patients’ radiation dose data, and a phantom study was
also performed. This study was conducted in accordance with the Declaration of Helsinki.
All methods and data collection of this study were approved by our institutional Ethics
Committee for Human Research (HE641276). The retrospective review was conducted
from 9 January 2018 to 29 December 2020. Data collection of patient radiation dose from
cerebral angiogram using the conventional technique was performed from 9 January 2018
to 30 June 2019, and data collection for the high kV technique was performed from 1 July
2019 to 29 December 2020. The phantom study was conducted to compare phantom skin
dose from cerebral angiography using the nanoDot™ OSLD (Landauer Inc., Glenwood,
Illinois, USA).

2.2. Sample Size Calculation and Participant Selection

All participants involved in this study were SAH patients who underwent cerebral
angiography after an intracranial aneurysm diagnosis. They were divided into 2 groups in
accordance with their angiographic techniques, namely the conventional technique and the
high kV technique. The sample size calculation was conducted by a biostatistician, and
the data used for the calculation were from previous studies [12,14]. The sample size was
61 participants per group for a power of 0.8 and an α of 0.05.

The inclusion criteria were as follows: (1) SAH patients of both genders who were
aged 18 years old and above; (2) angiographic procedure was performed by Dr. Waranon
Munkong; (3) cerebral angiography was performed in 3 main vessels (left and right internal
carotid artery, and vertebral artery) with the 2DA technique (6 exposures), 3DRA technique
(6 exposures), and fluoroscopic technique; and 4) the use of a small focal spot size. Patients
who met the following exclusion criteria were excluded: (1) aged under 18; (2) angiographic
procedure was performed by other doctors; (3) angiographic procedure was performed
on more or less than 3 vessels; and (4) lack of some angiographic techniques. A total of
122 cases were recruited into this study (61.48% female and 38.52% male, 56.8 ± 13.1 years
old). There were 38 females and 23 males in the conventional technique group, while
37 females and 24 males were in the high kV technique group.

2.3. Cerebral Angiographic Protocol

All procedures were performed using a flat-panel detector and the vascular inter-
vention system Artis Zee biplane (Siemens Medical Solutions, Munich, Germany), which
is annually checked for quality control and verified for the dose area product meter by
the Department of Medical Sciences, Ministry of Public Health. The standard protocol of
cerebral angiography for intracranial aneurysm diagnosis in our institute consists of 2DA
or acquisition angiography in the posteroanterior (PA) view along with the lateral view,
3DRA, and fluoroscopy. Each technique provides a distinct benefit for the diagnosis of
intracranial aneurysm. The desirable kV of each technique was set by a product specialist
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of Siemens Healthineers Limited (Bangkok, Thailand) under a local service mode. The kV
of the conventional technique was set at 70 kV, while for the high kV technique, it was
90 kV. Although kV was set for a specific value, it could be deviated to the range of the
desirable kV, which was controlled by an automatic exposure control (AEC), depending
on the thickness of the patient’s head. Moreover, other exposure parameters, including
mA, exposure time, Cu filter thickness, were also varied and controlled by the AEC. The
fluoroscopy was set at 10 pulses per second (p/s) for both techniques, which was the
optimal pulse for fluoroscopy in clinical performance. In addition, the 3DRA technique was
not modified and was kept constant in both techniques according to the recommendation
of a product specialist.

2.4. Collection of Cerebral Angiographic Exposure Parameters and Patient Radiation Dose

A review of patient radiation dose was performed and collected from the picture
archiving communication system by using the patient database of the Interventional Neu-
roradiology unit. The data were recorded in Microsoft Excel as follows: 2DA exposure
parameters (kV, mAs, acquisition time, and additional Cu filter thickness), 3DRA exposure
parameters (kV and mAs), total number of angiographic images (2DA images + 3DRA
images), fluoroscopy time, dose area product (DAP; µGy·m2) and reference air kerma
(RAK; mGy) of the 2DA, 3DRA, fluoroscopy, and the total DAP and RAK (2DA + 3DRA +
fluoroscopy).

2.5. Phantom Study Protocol and Setting

The bi-plane DSA was set up in the same condition for both the conventional and
high kV techniques. The cerebral angiographic parameters used in the phantom study
are shown in Table 1. The setting was based on the appropriate image size of the skull
presented on the monitor and covered the whole skull during rotation in the same pattern
as in a real situation. The setting of the angiographic protocol was performed by a product
specialist of Siemens Healthineers Limited (Thailand). Then, twenty-one nanoDot™ OSLDs
were placed on the scalp of the head phantom. The location of placement was based on
the 10–20 system of electroencephalogram measurement for the convenience of location
specification. Moreover, two nanoDot™ OSLDs were also placed on the back of the neck
(right back, RB; left back, LB), which was the entrance point of radiation beam, and two
of these were also placed on the phantom skin at the location of the eyes to represent
the eye lens (left eye lens, LE; right eye lens, RE). Then, the head phantom was placed in
a head support, and the body phantom was placed next to the head phantom lying on
the angiographic table. The phantom study setting is shown in Figure 1. The cerebral
angiographic procedures and radiation measurements were conducted 3 times in each
technique. The data for the dose report, including DAP and RAK of the 2DA, 3DRA,
and fluoroscopy, total DAP (2DA + 3DRA + fluoroscopy), and total RAK (2DA + 3DRA +
fluoroscopy), were also recorded. To evaluate the radiation dose, the nanoDot™ OSLDs
were sent to the Personal Dosimetry Laboratory at the Office of Atoms for Peace (OAP).

2.6. Evaluation of Phantom Radiation Dose

The NanoDot™ OSLDs were read by a microStar reader (Landauer Inc., Glenwood,
IL, USA) to evaluate the radiation dose in the phantom study. The internal algorithm
and calibration dosimeters were used to calculate the photon radiation dose in the nan-
oDot™ OSLDs, which can be traceable to the National Metrology Institute of Japan, Japan.
The control and standard dosimeters obtained from the Secondary Standard Dosimetry
Laboratory—OAP were included in the reading process for quality control. All nanoDot™
OSLDs were read twice, and the radiation dose in each location was averaged. The phantom
skin doses were expressed as mean value in mGy unit.



Tomography 2023, 9 624

Table 1. Cerebral angiographic protocol and exposure parameters of the conventional and high kV
techniques in the phantom study.

Technique Protocol Value

Fluoroscopy

PA kV, mA 65 kV, 137.1–141.3 mA

Lateral kV, mA 65 kV, 97.9–98 mA

Time
PA plane 2 min

Lateral plane 1 min

2DA

Field size PA/Lat 32/25 cm

SID PA/Lat 102/94 cm

Projection

RICA
PA view (11◦ cephalad)

Lateral view
LICA

VA

Frame rate and acquisition time

Mask 4 f/s 1 s

Arterial phase 4 f/s 4 s

Capillary phase 2 f/s 4 s

Venous phase 1 f/s 5 s

3DRA

Field size PA plane 42 cm

SID PA plane 120 cm

Rotational arc

RICA

200 degreesLICA

VA

kV, mAs 71 kV, 2.25–2.46

Number of frames/rotations 133 f/rotation

Rotational time 5 s

2DA = 2-dimensional angiography, 3DRA = 3-dimensional rotational angiography, cm = centimeter, f = frame,
f/s = frames per second, kV = kilovoltage, Lat = lateral, LICA = left internal carotid artery, min = minute,
mA = milliampere, PA = posteroanterior, RICA = right internal carotid artery, s = second, SID = source to image
distance, and VA = vertebral artery.

2.7. Statistical Analysis

Statistical analysis was performed using SPSS version 21. All data were tested for
normality using the Shapiro–Wilk test, where p-value > 0.05 represented a normal distribu-
tion. Independent sample t-test (normal distribution of data set) and Mann–Whitney U
test (abnormal distribution of data set) were performed to analyze significant differences
in angiographic exposure parameters between the groups. To analyze patient radiation
dose, Quade’s ANCOVA was used to analyze the 2DA DAP, 2DA RAK, total DAP, and
total RAK, while using the number of images and acquisition time as covariates. The DAP
and RAK of the 3DRA and fluoroscopy were analyzed by using independent sample t-test
and Mann–Whitney U test, respectively. A comparison of radiation doses from the phan-
tom study was performed using independent sample t-test. The angiographic exposure
parameters were presented as mean ± SD and median, while the patient radiation dose
was presented as median. The data of the phantom study was expressed as mean ± SD. A
p-value <0.05 was regarded as demonstrating significant difference.
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Figure 1. Phantom setting to evaluate radiation dose using nanoDot™ OSLDs: (A) phantom setting 
during the cerebral angiographic procedure; (B) the top view of the head demonstrates the location 
of the nanoDot™ OSLDs placed on the head phantom according to the 10/20 lead system (pre-
frontal: Fp1, Fp2; frontal: F7, F3, Fz, F4, F8; temporal: T3, T5, T4, T6; parietal: P3, Pz, P4; occipital: 
O1, O2; center: C3, Cz, C4; and Auricle: A1, A2), on the eye lens (LE: left eye lens; RE: Right eye lens) 

Figure 1. Phantom setting to evaluate radiation dose using nanoDot™ OSLDs: (A) phantom setting
during the cerebral angiographic procedure; (B) the top view of the head demonstrates the location of
the nanoDot™ OSLDs placed on the head phantom according to the 10/20 lead system (pre-frontal:
Fp1, Fp2; frontal: F7, F3, Fz, F4, F8; temporal: T3, T5, T4, T6; parietal: P3, Pz, P4; occipital: O1, O2;
center: C3, Cz, C4; and Auricle: A1, A2), on the eye lens (LE: left eye lens; RE: Right eye lens) and on
the back of the neck on the left side (LB) and the right side (RB); (C) field of view of skull phantom
from PA view; and (D) field of view of skull phantom from lateral view.

3. Results
3.1. Effects of the High kV Technique on Cerebral Angiographic Exposure Parameters

The cerebral angiographic techniques are shown in Table 2. It was found that the
kV values of the high kV technique from the 2DA in both PA and lateral view showed a
significant difference from the conventional technique (p-value < 0.001 for all). The elevation
of kV in the high kV technique resulted in a significant reduction in mAs (p-value < 0.001
and 0.05, respectively). In addition, the elevation of kV also led to a significant increase in
the Cu filter thickness in both PA and lateral view (p-value < 0.001). The kV and mAs in the
3DRA technique and the fluoroscopic time did not bring about any significant difference.
Interestingly, the 2DA acquisition time (sec) and the total number of images in the high kV
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technique were significantly reduced (p-value < 0.05 for all). Based on the basic knowledge,
these two parameters are the important factors that affect radiation dose. Therefore, they
were kept as covariates for further analysis of radiation dose parameters.

Table 2. The cerebral angiographic exposure parameters from the conventional and high kV techniques.

Angiographic Exposure Parameters Conventional Technique
Mean ± SD (Median)

High kV Technique
Mean ± SD (Median) p-Value

kV

2DA PA 77.28 ± 2.85 (77.00) 87.75 ± 2.70 (90.00) <0.001 b

2DA Lateral 72.52 ± 1.56 (73.00) 79.59 ± 1.12 (79.00) <0.001 b

3DRA Pre-contrast 70.00 ± 0.00 (70.00) 70.02 ± 0.13 (70.00) 0.317 b

RA Post-contrast 70.00 ± 0.00 (70.00) 70.00 ± 0.00 (70.00) 1.000 b

mAs

2DA PA 19.91 ± 0.70 (19.89) 12.03 ± 1.37 (11.91) <0.001 b

2DA Lateral 16.07 ± 3.25 (16.55) 14.98 ± 1.54 (14.98) 0.020 a

3DRA Pre-contrast 2.04 ± 0.34 (2.03) 2.13 ± 0.30 (2.13) 0.117 a

3DRA Post-contrast 2.03 ± 0.34 (2.02) 2.09 ± 0.30 (2.09) 0.305 a

Cu Filter thickness
(mm)

2DA PA 0.00 ± 0.00 (0.00) 0.05 ± 0.06 (0.00) <0.001 b

2DA Lateral 0.02 ± 0.05 (0.00) 0.27 ± 0.05 (0.30) <0.001 b

2DA acquisition time (s) 14.49 ± 2.73 (15.00) 13.31 ± 2.02 (13.00) 0.005 b

Total number of angiographic images 993.87 ± 13.64 (994.00) 986.52 ± 10.37 (986.00) 0.001 a

Fluoroscopic time (min) 4.31 ± 4.25 (3.28) 3.30 ± 1.19 (3.03) 0.062 b

a Analysis using independent sample t-test; b Analysis using Mann–Whitney U test.

3.2. Effects of the High kV Technique on Patient Radiation Dose

The results of the DAP and RAK from the 2DA, 3DRA, fluoroscopy, and the total
procedure are shown in Figures 2 and 3. Figure 2 demonstrates that the DAP of the
2DA (Figure 2A) in the high kV technique group significantly reduces compared to the
conventional technique group (p-value < 0.001). Although the technique of 3DRA and
fluoroscopy were not modified in this study, the significant reduction in DAP in both
techniques (Figure 2B,C) were also observed (p-value < 0.01, 0.001, respectively). In addition,
a significant reduction in total DAP (Figure 2D) was also observed (p-value < 0.001).
The median 2DA DAP of the high kV technique group was 4605.37 µGy·m2, while this
value in the conventional technique group was 9235.32 µGy·m2. The high kV technique
reduced the 2DA DAP by up to 50.12%. In addition, the median total DAP in the high
kV technique group (10,967.55 µGy·m2) decreased from the conventional technique group
(16,198.53 µGy·m2) by 32.29%.

Figure 3 demonstrates the RAK, and the result shows the same trend as the DAP. The
RAK of the 2DA, fluoroscopy, and total procedure (Figure 3A,C,D) in the high kV technique
group was significantly reduced from the conventional technique group (p-value < 0.001
for all), while the RAK of the 3DRA was also found to have a significant difference
(p-value = 0.003). The median RAK of the 2DA in the conventional technique group was
551.4 mGy, while this parameter in the high kV technique group was 264.7 mGy, which
clearly signifies that the high kV technique could decrease the RAK by 51.99%. Finally,
the total RAK in the high kV technique group (521.2 mGy) decreased significantly when
compared to the conventional technique (829.7 mGy) by 37.18%.
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total DAP (D). ** and *** indicate significant differences with p-value < 0.01 and 0.001, respectively.

3.3. Effects of the High kV Technique on Phantom Skin Dose

Figure 4 demonstrates the skin radiation dose at each measurement location of the
head phantom. The highest phantom skin dose was observed at the back of the neck (LB
and RB), followed by the occipital area (O1 and O2) and the temporal area on the left side
of the head (T5). The phantom skin doses in these locations were more than 400 mGy in
the conventional technique, while they were reduced to less than 400 mGy in the high kV
technique, demonstrating a significant difference (p-value < 0.001 for all). The phantom skin
doses at the location of A1, T3, and T6 in the high kV technique were found to significantly
reduce when compared to the conventional technique (p-value < 0.001 for all). A significant
difference in phantom skin dose between the conventional and high kV techniques was
also observed at F7, P3, P4, and A2 (p-value < 0.001, 0.05, 0.05, and 0.001, respectively).
The remaining locations, including Fp2, F3, Fz, F4, and Cz, where the phantom skin dose
was less than 100 mGy also observed a significant difference between both techniques
(p-value < 0.05 and 0.01 for all). In addition, it was found that the radiation doses on the
eyes in the conventional technique were slightly higher than the high kV technique but did
not show any significant difference (p-value > 0.05 for all).
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3.4. Effects of the High kV Technique on Dose Report from the DAP Meter

The radiation dose from the cerebral angiography as measured by the DAP meter
is shown in Table 3. The results showed that the DAP and RAK in the 2DA, the total
DAP, and the total RAK significantly reduced in the high kV technique (p-value < 0.001).
The other parameters did not show any significant difference between these techniques
(p-value > 0.05). Interestingly, the 2DA DAP and the RAK in the high kV technique reduced
to 47.24% and 49.02% from the conventional technique, respectively.
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Figure 4. Phantom skin doses in different areas of the skull using the conventional and high kV
techniques for the cerebral angiographic procedure: (A) bar graph demonstrates phantom skin
doses, and (B) diagram demonstrates the distribution of radiation doses in different areas of the
skull. *, **, and *** indicate a significant difference in radiation dose between the conventional and
high kV techniques with p-value < 0.05, 0.01, and 0.001, respectively. The data on skin dose are
presented as mean, while the bar graph presents the mean ± SD. A = auricle, C = central, F = frontal,
Fp = prefrontal, LE = left eye, LB = back of neck on left side, O = occipital, P = parietal, RB = back of
neck on right side, RE = right eye, T = temporal, and z = midline sagittal plane.

Table 3. The radiation dose report, including the DAP and RAK of the 2DA, 3DRA, and fluoroscopy,
the total DAP, and the total RAK, from the phantom study.

Radiation Dose Conventional Technique High kV Technique Percentage
Reduction p-Value

2DA DAP (µGy·m2) 12,456.97 ± 77.09 6571.80 ± 48.55 −47.24 <0.001
3DRA DAP (µGy·m2) 7768.97 ± 74.58 7738.23 ± 148.40 −0.40 0.765

Fluoroscopic DAP (µGy·m2) 977.70 ± 24.17 997.48 ± 6.87 2.02 0.244
2DA RAK (mGy) 668.07 ± 2.90 340.57 ± 13.83 −49.02 <0.001

3DRA RAK (mGy) 307.93 ± 2.95 308.67 ± 3.21 0.24 0.786
Fluoroscopic RAK 48.40 ± 1.05 48.67 ± 1.44 0.55 0.809

Total DAP (µGy·m2) 21,203.63 ± 126.28 15,307.52 ± 132.83 −27.81 <0.001
Total RAK (mGy) 1024.40 ± 4.37 697.90 ± 15.42 −31.87 <0.001

2DA = 2-dimensional angiography; 3DRA = 3-dimensional rotational angiography; DAP = dose area product; and
RAK = reference air kerma.
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4. Discussion

This study demonstrates the effectiveness of the high kV technique in reducing the
radiation dose of cerebral angiography in both the intracranial aneurysm patients and the
phantom study. The high kV technique could reduce the DAP, RAK, and phantom skin
radiation dose significantly.

Based on a basic knowledge, there are several factors that affect patient radiation
dose during the cerebral angiographic procedure, such as the number of exposures, frame
rate, additional filter thickness, focal spot size, number of images, fluoroscopic time, and
pulse. Several lines of evidence have demonstrated that optimization through the mod-
ification of these factors significantly reduces radiation dose during cerebral angiogra-
phy [8,10,11,15,16]. Since some factors (number of image and acquisition time) could not be
controlled in this study, a statistical analysis of radiation doses from the conventional and
high kV techniques using analysis of covariances (ANCOVAs) was necessary. However,
the data on radiation doses had an abnormal distribution; thus, the Quade’s ANCOVA was
used to analyze these data. This analysis confirmed that the reduction in radiation doses in
the 2DA technique did not confound with the difference in acquisition time and number
of images.

Our study shows that an increase in kV in the 2DA technique causes a reduction in
mAs, which is in line with previous reports on the association of kV and mAs [17,18]. It has
been reported that changes in mAs have an influence on radiation dose [19,20]. Moreover,
an increase in kVp causes a reduction in the effective dose [21,22]. The results from this
study showed that the use of the high kV technique in 2DA technique provided an effective
reduction in radiation dose, which was in accordance with previous reports.

Apart from kV and mAs, an increase in Cu filter thickness was also observed in
the high kV technique. A previous study also demonstrated that an additional Cu filter
could reduce patient radiation dose during interventional fluoroscopic procedure and
cerebral angiography [11,23,24]. In addition, it has been reported that Cu filter absorbs
low energy photon between 20 and 50 keV, and adding a Cu filter with 0.2 mm thickness
could reduce the radiation dose by 50% [25]. The automatic adding of a Cu filter in the
high kV technique absorbed low energy X-ray, which is an important factor for patient skin
dose. Therefore, the radiation doses from both the patients and the phantom study were
reduced significantly.

Although the fluoroscopy and 3DRA technique were not modified in this study,
the DAP and RAK for these techniques in the retrospective study showed a significant
difference. On the other hand, the doses for the phantom study did not show any significant
difference between the groups in terms of DAP and RAK. Therefore, it is possible that the
size of the patients’ head in both groups might cause a difference, which in turn led to a
significant difference in radiation doses for the fluoroscopy and 3DRA. However, this study
was a retrospective study, and the data regarding the patients’ head size were not recorded.

The measurement of radiation dose using nanoDot™ OSLDs is appropriate and does
not disturb the acquired images in all angiographic techniques. The phantom skin dose
showed the same trend as the patient radiation dose in the conventional and high kV
techniques. The O1, O2, RB, and LB are the centers of entrance for the radiation beam
from the PA plane X-ray tube, while the A1, T3, and T5 are the centers of entrance for the
radiation beam from the lateral plane X-ray. The highest skin radiation dose from this
procedure does not reach the threshold dose for skin reaction [26]. The deterministic effect
has a lower possibility of occurring in the case of cerebral angiography.

Since some locations on the head phantom were presented with a low dose, there were
several explanations for these results. Most of the locations with a low dose were located
at the exit of the radiation beam, at the rim of the field of view, and out of the field of
view (Fp and Cz). In addition, it has been reported that there is a little effect of angulation
on entrance skin dose measurement in diagnostic X-ray examination [27,28]. The placing
of the nanoDot™ OSLDs on the surface of the head phantom at each location showed a
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difference in angulation to the X-ray beam, which might contribute to the difference in
radiation dose measurement using the nanoDot™ OSLDs.

The eye lens doses from both techniques did not demonstrate any significant difference.
It was suggested that the eye lens was at the rim of the field of view in the 2DA technique.
In addition, most of the eye lens doses were obtained from the 3DRA technique, which was
not modified and did not show any difference in this study. Therefore, the modification of
the 2DA technique did not affect the result. There is a limitation related to the measurement
of the eye lens doses. Since organ doses, particularly the eye lens dose, could not be
measured with the phantom used in this study, the data set provided an approximate value
that was measured at the surface of the phantom’s eyes. However, the eye lens dose of this
study was far from the threshold dose, which was recommended as 0.5 Gy for low linear
energy transfer radiation [26].

5. Conclusions

The results from this study confirmed that the high kV technique for intracranial
aneurysm patients undergoing cerebral angiography provides an effective reduction of ra-
diation dose. Further investigation of radiation dose in other interventional neuroradiology
procedures, particularly embolization procedure, should be performed.

Author Contributions: Conceptualization: W.K., W.M., P.P. and T.P.; methodology: W.K., P.P., V.P.,
T.P., C.K. and T.C.; validation: W.K., W.M., T.P. and V.P.; formal analysis: W.K., C.K., T.C., T.P. and
V.P.; investigation: W.K., V.P., C.K., T.C. and P.P.; resources: W.M. and V.P.; data curation: W.K., P.P.,
C.K. and T.C.; writing—original draft preparation: W.K. and V.P.; writing—review and editing: W.K.;
visualization: W.K.; funding acquisition: W.M. All authors have read and agreed to the published
version of the manuscript.

Funding: This study was supported by the Research and Graduate Studies, Khon Kaen University.

Institutional Review Board Statement: This study was conducted in accordance with the Declaration
of Helsinki. All methods and data collection of this study were approved by the Ethics Committee
for Human Research, Khon Kaen University (HE641276).

Informed Consent Statement: Patient consent was waived due to the retrospective design of
this study.

Data Availability Statement: The data sets generated or analyzed during the study are available
from the corresponding author upon reasonable request.

Acknowledgments: We would like to acknowledge Gurdeep Singh for editing the manuscript via
the Publication Clinic KKU, Thailand. We would also like to express our sincere gratitude to the staff
at the Office of Atoms for Peace for supporting data collection.

Conflicts of Interest: The authors declare no conflict of interest regarding the publication of this paper.

References
1. Martin, C.O.; Rymer, M.M. Hemorrhagic Stroke: Aneurysmal Subarachnoid Hemorrhage. Mo Med. 2011, 108, 124–127.
2. Rymer, M.M. Hemorrhagic Stroke: Intracerebral Hemorrhage. Mo Med. 2011, 108, 50–54. [PubMed]
3. Molyneux, A.J.; Kerr, R.S.C.; Birks, J.; Ramzi, N.; Yarnold, J.; Sneade, M.; Rischmiller, J. ISAT Collaborators Risk of Recurrent

Subarachnoid Haemorrhage, Death, or Dependence and Standardised Mortality Ratios after Clipping or Coiling of an Intracranial
Aneurysm in the International Subarachnoid Aneurysm Trial (ISAT): Long-Term Follow-Up. Lancet Neurol. 2009, 8, 427–433.
[CrossRef]

4. Liu, J.; Zou, X.; Zhao, Y.; Jin, Z.; Tu, J.; Ning, X.; Li, J.; Yang, X.; Wang, J. Prevalence and Risk Factors for Unruptured Intracranial
Aneurysms in the Population at High Risk for Aneurysm in the Rural Areas of Tianjin. Front. Neurol. 2022, 13, 853054. [CrossRef]

5. Hacein-Bey, L.; Provenzale, J.M. Current Imaging Assessment and Treatment of Intracranial Aneurysms. AJR Am. J. Roentgenol.
2011, 196, 32–44. [CrossRef]

6. Manninen, A.-L.; Isokangas, J.-M.; Karttunen, A.; Siniluoto, T.; Nieminen, M.T. A Comparison of Radiation Exposure between
Diagnostic CTA and DSA Examinations of Cerebral and Cervicocerebral Vessels. AJNR Am. J. Neuroradiol. 2012, 33, 2038–2042.
[CrossRef] [PubMed]

7. Hamada, N.; Fujimichi, Y. Classification of Radiation Effects for Dose Limitation Purposes: History, Current Situation and Future
Prospects. J. Radiat. Res. 2014, 55, 629–640. [CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/21462612
http://doi.org/10.1016/S1474-4422(09)70080-8
http://doi.org/10.3389/fneur.2022.853054
http://doi.org/10.2214/AJR.10.5329
http://doi.org/10.3174/ajnr.A3123
http://www.ncbi.nlm.nih.gov/pubmed/22700752
http://doi.org/10.1093/jrr/rru019


Tomography 2023, 9 632

8. Yi, H.J.; Sung, J.H.; Lee, D.H.; Kim, S.W.; Lee, S.W. Analysis of Radiation Doses and Dose Reduction Strategies During Cerebral
Digital Subtraction Angiography. World Neurosurg. 2017, 100, 216–223. [CrossRef]

9. Ki, H.J.; Kim, B.-S.; Kim, J.-K.; Choi, J.H.; Shin, Y.S.; Choi, Y.; Shin, N.-Y.; Jang, J.; Ahn, K.-J. Low-Dose Three-Dimensional
Rotational Angiography for Evaluating Intracranial Aneurysms: Analysis of Image Quality and Radiation Dose. Korean J. Radiol.
2022, 23, 256–263. [CrossRef] [PubMed]

10. Schneider, T.; Wyse, E.; Pearl, M.S. Analysis of Radiation Doses Incurred during Diagnostic Cerebral Angiography after the
Implementation of Dose Reduction Strategies. J. Neurointerv. Surg. 2017, 9, 384–388. [CrossRef]

11. Kim, D.J.; Park, M.K.; Jung, D.E.; Kang, J.H.; Kim, B.M. Radiation Dose Reduction without Compromise to Image Quality by
Alterations of Filtration and Focal Spot Size in Cerebral Angiography. Korean J. Radiol. 2017, 18, 722–728. [CrossRef] [PubMed]

12. Munkong, W.; Kirisattayakul, W.; Pattum, P.; Kianprasit, J.; Prabsattroo, T.; Punikhom, P.; Karawek, R.; Kitkhuandee, A.;
Duangthongphon, P.; Awikunprasert, P. Analysis of Patient Radiation Dose and Angiographic Techniques during Intracranial
Aneurysmal Diagnosis: A 5-Year Experience of Interventional Neuroradiology Unit in Srinagarind Hospital. JAMS 2020,
51, 67–75.

13. Tsapaki, V. Radiation Dose Optimization in Diagnostic and Interventional Radiology: Current Issues and Future Perspectives.
Phys. Med. 2020, 79, 16–21. [CrossRef] [PubMed]

14. D’Ercole, L.; Thyrion, F.Z.; Bocchiola, M.; Mantovani, L.; Klersy, C. Proposed Local Diagnostic Reference Levels in Angiography
and Interventional Neuroradiology and a Preliminary Analysis According to the Complexity of the Procedures. Phys. Med. 2012,
28, 61–70. [CrossRef]

15. Pearl, M.S.; Torok, C.; Wang, J.; Wyse, E.; Mahesh, M.; Gailloud, P. Practical Techniques for Reducing Radiation Exposure during
Cerebral Angiography Procedures. J. Neurointerv. Surg. 2015, 7, 141–145. [CrossRef] [PubMed]

16. Song, Y.; Han, S.; Kim, B.J.; Oh, S.H.; Kim, J.S.; Kim, T.I.; Lee, D.H. Low-Dose Fluoroscopy Protocol for Diagnostic Cerebral
Angiography. Neurointervention 2020, 15, 67–73. [CrossRef]

17. Allen, E.; Hogg, P.; Ma, W.K.; Szczepura, K. Fact or Fiction: An Analysis of the 10 KVp ‘Rule’ in Computed Radiography.
Radiography 2013, 19, 223–227. [CrossRef]

18. Diagnostic Radiology Physics; Non-Serial Publications; International Atomic Energy Agency: Vienna, Austria, 2014; ISBN 978-92-0-131010-1.
19. Huda, W.; Abrahams, R.B. Radiographic Techniques, Contrast, and Noise in X-ray Imaging. Am. J. Roentgenol. 2015, 204,

W126–W131. [CrossRef]
20. Tonnessen, B.H.; Pounds, L. Radiation Physics. J. Vasc. Surg. 2011, 53, 6S–8S. [CrossRef]
21. Weis, M.; Henzler, T.; Nance, J.W.; Haubenreisser, H.; Meyer, M.; Sudarski, S.; Schoenberg, S.O.; Neff, K.W.; Hagelstein, C.

Radiation Dose Comparison Between 70 KVp and 100 KVp With Spectral Beam Shaping for Non-Contrast-Enhanced Pediatric
Chest Computed Tomography: A Prospective Randomized Controlled Study. Investig. Radiol. 2017, 52, 155–162. [CrossRef]

22. McVey, G.; Sandborg, M.; Dance, D.R.; Alm Carlsson, G. A Study and Optimization of Lumbar Spine X-ray Imaging Systems. Br.
J. Radiol. 2003, 76, 177–188. [CrossRef] [PubMed]

23. Li, C.; Sun, S.; Liu, R.; Wang, Y.; Zhao, Q.; Zhou, G.; Liu, J. The Research of Influence of Different Additional Filtration to Image
Quality and Radiation Dose in the Whole Brain DSA. Chin. J. Radiol. 2016, 50, 691–694.

24. Wunderle, K.A.; Rakowski, J.T.; Dong, F.F. Approaches to Interventional Fluoroscopic Dose Curves. J. Appl. Clin. Med. Phys. 2016,
17, 342–352. [CrossRef]

25. Martin, C. The Importance of Radiation Quality for Optimisation in Radiology. Biomed. Imaging Interv. J. 2007, 3, e38. [CrossRef]
26. Stewart, F.A.; Akleyev, A.V.; Hauer-Jensen, M.; Hendry, J.H.; Kleiman, N.J.; Macvittie, T.J.; Aleman, B.M.; Edgar, A.B.; Mabuchi,

K.; Muirhead, C.R.; et al. ICRP Publication 118: ICRP Statement on Tissue Reactions and Early and Late Effects of Radiation in
Normal Tissues and Organs–Threshold Doses for Tissue Reactions in a Radiation Protection Context. Ann. ICRP 2012, 41, 1–322.
[CrossRef]

27. Antonio, P.L.; Caldas, L.V.E. Angular dependence of Tl and Osl responses of Al2O3:C commercial detectors in standard beta
radiation beams. Radiat. Prot. Dosim. 2014, 113, 359–365.

28. Okazaki, T.; Hayashi, H.; Takegami, K.; Okino, H.; Kimoto, N.; Maehata, I.; Kobayashi, I. Fundamental Study of NanoDot OSL
Dosimeters for Entrance Skin Dose Measurement in Diagnostic X-Ray Examinations. J. Radiat. Prot. Res. 2016, 41, 229–236.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1016/j.wneu.2017.01.004
http://doi.org/10.3348/kjr.2021.0162
http://www.ncbi.nlm.nih.gov/pubmed/35029071
http://doi.org/10.1136/neurintsurg-2015-012204
http://doi.org/10.3348/kjr.2017.18.4.722
http://www.ncbi.nlm.nih.gov/pubmed/28670167
http://doi.org/10.1016/j.ejmp.2020.09.015
http://www.ncbi.nlm.nih.gov/pubmed/33035737
http://doi.org/10.1016/j.ejmp.2010.10.008
http://doi.org/10.1136/neurintsurg-2013-010982
http://www.ncbi.nlm.nih.gov/pubmed/24489125
http://doi.org/10.5469/neuroint.2020.00129
http://doi.org/10.1016/j.radi.2013.05.003
http://doi.org/10.2214/AJR.14.13116
http://doi.org/10.1016/j.jvs.2010.05.138
http://doi.org/10.1097/RLI.0000000000000325
http://doi.org/10.1259/bjr/52734084
http://www.ncbi.nlm.nih.gov/pubmed/12684233
http://doi.org/10.1120/jacmp.v17i1.5788
http://doi.org/10.2349/biij.3.2.e38
http://doi.org/10.1016/j.icrp.2012.02.001
http://doi.org/10.14407/jrpr.2016.41.3.229

	Introduction 
	Materials and Methods 
	Study Design and Ethical Consideration 
	Sample Size Calculation and Participant Selection 
	Cerebral Angiographic Protocol 
	Collection of Cerebral Angiographic Exposure Parameters and Patient Radiation Dose 
	Phantom Study Protocol and Setting 
	Evaluation of Phantom Radiation Dose 
	Statistical Analysis 

	Results 
	Effects of the High kV Technique on Cerebral Angiographic Exposure Parameters 
	Effects of the High kV Technique on Patient Radiation Dose 
	Effects of the High kV Technique on Phantom Skin Dose 
	Effects of the High kV Technique on Dose Report from the DAP Meter 

	Discussion 
	Conclusions 
	References

