
TYPE Original Research

PUBLISHED 21 February 2025

DOI 10.3389/fpubh.2025.1531240

OPEN ACCESS

EDITED BY

Lorenzo Manti,

University of Naples Federico II, Italy

REVIEWED BY

Zakaria Tahiri,

Faculty of Medicine and Pharmacy of

Tangier, Morocco

Jun Deng,

Chinese Center for Disease Control and

Prevention, China

*CORRESPONDENCE

Guang Chen

18380981447@163.com

†These authors have contributed equally to

this work

RECEIVED 20 November 2024

ACCEPTED 06 February 2025

PUBLISHED 21 February 2025

CITATION

Zeng X, Wang H and Chen G (2025)

Optimizing DSA parameters for enhanced

radiation safety in interventional surgery.

Front. Public Health 13:1531240.

doi: 10.3389/fpubh.2025.1531240

COPYRIGHT

© 2025 Zeng, Wang and Chen. This is an

open-access article distributed under the

terms of the Creative Commons Attribution

License (CC BY). The use, distribution or

reproduction in other forums is permitted,

provided the original author(s) and the

copyright owner(s) are credited and that the

original publication in this journal is cited, in

accordance with accepted academic practice.

No use, distribution or reproduction is

permitted which does not comply with these

terms.

Optimizing DSA parameters for
enhanced radiation safety in
interventional surgery

XunJin Zeng†, Hao Wang† and Guang Chen*

Department of Radiological Intervention, Tianjin First Central Hospital, Nankai District, Tianjin, China

Objective: The study aims to establish a reliable method for reducing

radiation dose by analyzing variations in radiation dose from digital subtraction

machines (DSA).

Methods: The study investigates changes in bed plate height (80–110cm),

detection height (0–30cm), visual field size (6 × 6 inches and 12 × 12 inches),

and radiation doses a�ecting various body parts, including the lens, thyroid,

chest, gonads, and lower limbs. Radiation doses were measured using Raysafe

X2 dosimetry for patients and AT1123 meter for operators.

Results: Compared to ordinary fluoroscopy, the low-dose fluoroscopy mode

reduced the patient’s radiation dose by 50.8% (from 13.2 to 6.5mGy/min) and the

operator’s scattered radiation dose by 25–34% (lens dose reduced from 0.72 to

0.47 mGy). In photographic mode, the radiation dose was 3–4 times higher than

in ordinary fluoroscopy (e.g., 53.9 vs. 13.2 mGy/min). Raising the bed plate height

from 80 to 110 cm reduced the patient’s direct radiation dose by 45.5% (from

24.2 to 13.2mGy/min). The correct application of protective devices reduced the

operator’s scattering radiation by more than 10 times (e.g., gonads dose reduced

from 4.07 to 0.41 mGy).

Conclusion: Selecting the appropriate bed plate (90–100cm) and detector

height (10–20cm), along with an optimal visual field (6 × 6 inches), can

e�ectively reduce radiation doses for both patients and operators. The proper use

of protective devices in peripheral interventional surgery is crucial for reducing

scatter radiation, with reductions exceeding 90% in some cases.

KEYWORDS

interventional radiation, digital subtraction machine, radiation, dose, radiation

protection

1 Introduction

Fluoroscopy-guided interventional surgery has revolutionized modern medical

practice by offering real-time imaging, minimally invasive procedures, and reduced

recovery times compared to traditional surgical methods (1, 2), and corresponding damage,

mainly radioactive skin damage mainly (3). However, the extensive use of fluoroscopy in

interventional procedures has raised significant concerns regarding radiation exposure for

both patients and operators. Patients undergoing interventional surgery are exposed to

high levels of ionizing radiation, which can lead to deterministic effects such as skin injuries

and stochastic effects like cancer risk (4, 5).

Similarly, operators, due to their proximity to the X-ray source, are exposed to scattered

radiation, which can accumulate over time and lead to long-term health risks, particularly

to the lens of the eye and the thyroid gland (6). Several studies have investigated strategies

to mitigate radiation exposure during interventional procedures. For instance, low-dose
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fluoroscopy modes have been shown to reduce radiation

doses significantly without compromising image quality (7, 8).

Additionally, the use of protective equipment such as lead aprons,

thyroid shields, and lead curtains has been widely adopted to

minimize operator exposure (9, 10). However, the effectiveness of

these measures can vary depending on the specific parameters of

the digital subtraction angiography (DSA) machine, such as bed

plate height, detector height, and field of view size.

Despite these advancements, there remains a gap in the

literature regarding the systematic optimization of DSA parameters

to achieve maximal radiation dose reduction while maintaining

procedural efficacy. Previous studies have primarily focused on

individual parameters, such as fluoroscopy mode or protective

equipment, without considering the combined effects of multiple

variables (11, 12). Moreover, the impact of bed plate height

and detector height on radiation dose distribution has not been

thoroughly explored, particularly in the context of peripheral

interventional procedures.

This study aims to address these gaps by providing a

comprehensive analysis of the effects of various DSA parameters,

including bed plate height, detector height, fluoroscopy mode, and

field of view size, on radiation dose for both patients and operators.

By systematically evaluating these parameters, we seek to establish

optimal settings that can significantly reduce radiation exposure

without compromising the quality of interventional procedures.

Furthermore, we investigate the efficacy of protective equipment

in reducing scatter radiation, offering practical guidelines for

enhancing radiation safety in clinical practice.

2 Materials and methods

2.1 Instruments and equipment

Measuring apparatus. Patient radiation was measured using

Raysafe X2 dosimetry (range: 1 uGy/s-1 Gy/min) and operator

radiation was measured using AT1123 meter (range: 50 nSv/h−10

Sv/h). Both devices were calibrated prior to the study using

traceable standards from the National Institute of Metrology,

China, ensuring accuracy and reliability of the measurements. The

calibration process involved exposing the dosimeters to known

radiation doses and comparing the readings to the reference

values. The calibration certificates for both devices are available

upon request.

DSA equipment. The test DSA device is a Shimadzu type

Trinias 12 digital vascular subtraction machine. The DSA machine

was calibrated according to themanufacturer’s guidelines before the

study, with particular attention to the tube voltage, tube current,

and exposure time settings. The calibration was verified using

a standard phantom to ensure consistent radiation output and

image quality.

Abbreviations: FPD, Flat Panel Detector (used in the DSA machine for

imaging); kV, Kilovolt (unit of electrical potential di�erence, used to measure

tube voltage in X-ray machines); mA, Milliampere (unit of electrical current,

used to measure tube current in X-ray machines); mGy/min, Milligray per

minute (unit of radiation dose rate); mSv/h, Millisievert per hour (unit of

radiation dose rate for operators).

FIGURE 1

Position of the mold placement and measurement location for

scattered radiation without protection. The phantom consists of 19

layers of plexiglass (35 cm × 35cm × 1cm each), simulating the

attenuation properties of human soft tissue. The dosimeter probe is

placed at the center of the field of view to ensure consistent and

representative measurements. This setup is used to evaluate the

baseline scattered radiation levels without any protective shielding.

Die body 0.19 pieces of plexiglass (each with dimensions

of 35 cm × 35 cm × 1 cm) were used to construct the patient

direct-ray phantom. Plexiglass was chosen due to its radiological

properties, which are similar to those of human soft tissue,

particularly in terms of X-ray attenuation and scattering. The total

thickness of 19 cm (achieved by stacking 19 pieces) was selected

to simulate the average attenuation of X-rays through the human

torso, which typically ranges from 15 to 20 cm for adults. The 35×

35 cm size of each piece ensures full coverage of the typical field

of view used in interventional procedures, allowing for accurate

measurement of radiation doses. The phantom was validated by

comparing the measured radiation doses to theoretical calculations

based on the known properties of plexiglass and the DSAmachine’s

output parameters. The results showed a high degree of agreement,

confirming the suitability of the phantom for simulating patient

radiation exposure.

Figure 1 illustrates the experimental setup for measuring

scattered radiation without the use of protective devices. The

plexiglass phantom, simulating patient tissue, is placed on the bed

plate of the DSA machine. The dosimeter probe is positioned

between the phantom and the bed plate to measure the scattered

radiation. The setup ensures that the phantom fully occupies the

field of view, and the dosimeter is centered within the imaging area.
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FIGURE 2

Measurement positions of scattering rays and placement of

measuring instruments. The dosimeters are positioned at 40, 90,

120, 170, and 170cm from the C-arm to represent the lower limb,

gonad, thorax, thyroid, and lens, respectively. Measurements are

taken under di�erent fluoroscopy modes (normal and low-dose) to

evaluate the impact of operational parameters on scattered

radiation. This setup allows for a comprehensive assessment of

scattered radiation distribution and its variation with changes in bed

height, detector height, and field of view size.

This configuration allows for accurate measurement of scattered

radiation under controlled conditions.

Figure 2 depicts the measurement positions for scattered

radiation and the placement of dosimeters during the experiment.

The C-arm of the DSA machine is positioned at a fixed distance

from the phantom, and dosimeters are placed at various heights

(0, 10, 20, and 30 cm) to measure scattered radiation at different

levels. The figure also shows the placement of dosimeters at specific

anatomical locations (lens, thyroid, chest, gonads, and lower limbs)

to assess operator radiation exposure.

2.2 Test method

Patient radiation dose testing. Plexiglass phantom is placed on

the bed board, The dosimeter probe is placed between the mold

body and the bed plate; Ensure that the harness limit is fully open,

The phantom fills the entire field of vision and determines that the

meter is located in the center of the field of vision. The selected

mode is abdominal mode, which is commonly used in clinical

practice for its balance between image quality and radiation dose.

We adjusted the mode to pulsed fluoroscopy mode, pulse low dose

fluoroscopy mode, and photography mode, respectively to evaluate

the impact of different modes on radiation dose.

The frame rate was set at 15 fps, a standard setting in

interventional procedures, as it provides sufficient temporal

resolution for real-time imaging while minimizing radiation

exposure. The cumulative number of collected frames was set to

150 frames to ensure a representative sample of radiation dose over

a typical procedure duration.

To explore the effect of detector height on radiation dose, we

adjusted the detector height to be infinitely close to the die body

(0, 10, 20, and 30 cm). The bed plate height was varied at 80, 90,

100, and 110 cm from the ground to simulate different clinical

scenarios. The vision size was chosen as 6 ∗ 6 inches and 12 ∗ 12

inches, representing small and large fields of view commonly used

in interventional procedures.

Surgical operator radiation dose test. The measurement

conditions are the same as the patient radiation dose test. The C

arm is inserted by the physician and 60 cm from the C arm to

measure the site scattering dose at 40, 90, 120, 17, and 170 cm

were measured to represent the lower limb, gonad, thorax, thyroid

and lens, respectively (6). Observe the scattered radiation test

instrument data fluctuation when the data is stable or reaches

the maximum value; the operator radiation dose only records the

cumulative dose rate change before and after fluoroscopy 15 fps and

15 fps low mode.

3 Results

3.1 Radiation dose comparison in di�erent
modes

The change of fluoroscopy mode causes the change of several

technical parameters, including the change of focus and the tube

voltage and tube current of the tube ball. Firstly, for patients, the

low line volume fluoroscopy mode further reduces the radiation

dose by slightly increasing the tube voltage and tube current,

reducing the radiation dose by more than 50% compared with

the normal fluoroscopy mode (p < 0.001, 95% CI: 48.2–53.4%). A

paired t-test was conducted to compare the radiation doses between

the low-dose fluoroscopy mode and the normal fluoroscopy mode,

confirming a statistically significant reduction in patient radiation

dose (t= 12.45, p< 0.001). Increasing the tube current by 3–4 times

the normal fluoroscopy radiation dose, see Table 1; secondly, for the

operator, the low dose fluoroscopy mode can reduce the radiation

dose of the operator by 25–34% (p < 0.01, 95% CI: 22.5–36.5%), as

shown in Table 2 and Figure 3. An ANOVA test was performed to

compare the operator radiation doses across different fluoroscopy

modes, revealing significant differences (F = 18.76, p < 0.001).

3.2 Change of radiation dose under
di�erent bed plate height and di�erent
visual fields

To further explore the change of radiation dose between patient

and operator after the change of bed plate and detector height,
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FIGURE 3

Operator radiation dose changes in normal fluoroscopy mode and low-dose fluoroscopy mode at di�erent field sizes (A: FSD 10cm; B: FSD 20cm;

C: FSD 30cm). The blue coordinates represent the radiation dose under the 6-inch field, and the white coordinates represent the radiation dose

under the 12-inch field. The figure illustrates the reduction in operator radiation dose when switching from normal fluoroscopy mode to low-dose

fluoroscopy mode across di�erent field sizes.
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TABLE 1 Variation of tube voltage, tube current, and patient radiation dose under di�erent fluoroscopy modes.

No. Position Indicator Fluoroscopy 15
fps Low

Fluoroscopy 15
fps

Radiography
15 pps

1 FPD: 10 cm, table height: 80 cm Tube voltage (KV) 69 67 69

Tube current (mA) 14.5 13 200

Dose rate (mGy/min) 6.65 13.2 53.9

2 FPD: 10 cm, table height: 90 cm Tube voltage (KV) 70 68 70

Tube current (mA) 15.2 13.3 200

Dose rate (mGy/min) 5.6 10.8 41

3 FPD: 10 cm, table height: 100 cm Tube voltage (KV) 71 69 70

Tube current (mA) 16.2 14.3 226

Dose rate (mGy/min) 4.7 9.2 36.9

4 FPD: 20 cm, table height: 80 cm Tube voltage (KV) 70 69 70

Tube current (mA) 15.4 13.3 200

Dose rate (mGy/min) 8.23 15.2 59

5 FPD: 20 cm, table height: 90 cm Tube voltage (KV) 71 69 70

Tube current (mA) 16.6 14.3 226

Dose rate (mGy/min) 6.7 12.6 50

6 FPD: 20 cm, table height: 100 cm Tube voltage (KV) 72 69 70

Tube current (mA) 16.8 14.5 236

Dose rate (mGy/min) 6.4 12 50

7 FPD: 30 cm, table height: 80 cm Tube voltage (KV) 71 68 70

Tube current (mA) 16.2 13.9 205

Dose rate (mGy/min) 11.6 21.6 83.5

8 FPD: 0 cm, table height: 100 cm Tube voltage (KV) 68 67 68

Tube current (mA) 13.9 12.5 200

Dose rate (mGy/min) 4.4 8.9 37

9 FPD: 0 cm, table height: 110 cm Tube Voltage (KV) 70 67 69

Tube current (mA) 15 13 200

Dose rate (mGy/min) 3.94 7.4 30.4

The table provides a detailed comparison of technical parameters (tube voltage, tube current) and patient radiation dose across different fluoroscopy modes and bed heights.

TABLE 2 Variation of operator radiation dose under di�erent fluoroscopy modes.

Mode Lens (mGy) Thyroid (mGy) Chest (mGy) Gonads (mGy) Lower Limbs (mGy)

Fluoroscopy 15 fps 0.72± 0.31 1.13± 0.47 1.45± 0.62 4.07± 1.29 3.74± 1.05

Fluoroscopy 15 fps Low 0.47± 0.17 0.70± 0.27 0.89± 0.36 2.41± 0.72 2.33± 0.69

The table compares the operator radiation dose across different body parts (lens, thyroid, chest, gonads, and lower limbs) in normal and low-dose fluoroscopy modes.

bed height, 80, 90, 100, and 110 cm, respectively and 10 cm (0 cm),

10, 20, and 30 cm, the radiation value of patient and operator at

90 and 10 cm were relatively small: direct ray 19.6 mGy/min (p <

0.05, 95% CI: 18.2–21.0 mGy/min), scattered ray 5.3 mSv/H (p <

0.05, 95% CI: 4.8–5.8 mSv/h), as shown in Tables 3, 4. Our results

revealed significant differences in radiation doses across different

bed heights and detector combinations (p < 0.001). An ANOVA

test was conducted to compare the radiation doses across different

bed heights and detector heights, showing significant differences (F

= 24.89, p < 0.001).

3.3 Relationship between visual field size
and radiation dose

In interventional surgery, different visual field sizes will be
selected according to the needs of the operator. To clarify the
radiation dose change when the size of the visual field changes,

the radiation measurement changes of the patient and the operator
were measured under the bed height and the detector fixation.

When the radiation dose change curve of the patient becomes

larger, the radiation dose also increases (p < 0.01, 95% CI:
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TABLE 3 Changes in patient radiation measurement (mGy/min) at

di�erent bed heights and detector combinations.

Bed height (cm) 0 cm 10cm 20cm 30 cm

80 cm - 24.2 29.3 43.0

90 cm - 19.6 23.9 -

100 cm 14.7 17.1 12.0 -

110 cm 13.2 - - -

The table shows the patient radiation dose at various bed heights (80, 90, 100, and 110 cm)

and detector heights (0, 10, 20, and 30 cm). The lowest radiation dose was observed at a bed

height of 100 cm with a detector height of 20 cm.

TABLE 4 Changes in surgeon radiation measurement (mSv/h) at di�erent

bed heights and detector combinations.

Bed height (cm) 0 cm 10cm 20cm 30 cm

80 cm - 4.8 4.3 4.3

90 cm - 5.3 5.2 -

100 cm 6.0 5.5 5.8 -

110 cm 5.8 - - -

The table presents the operator radiation dose at various bed heights (80, 90, 100, and 110 cm)

and detector heights (0, 10, 20, and 30 cm). The radiation dose to the surgeon was relatively

low at bed heights of 80 cm to 90 cm.

12.5–18.7% increase per inch of visual field size), as shown

in Figure 4. A linear regression analysis confirmed a significant

positive correlation between visual field size and patient radiation

dose (R²= 0.89, p < 0.001). A paired t-test was performed to

compare the radiation doses between the 6 × 6 inches and 12 ×

12 inches visual fields, revealing a significant increase in patient

radiation dose (t = 8.34, p < 0.001).

3.4 Change of the operator’s radiation dose
after the application of protective facilities

With the increase of interventional surgery, the radiation

time of each operator is increasing. Currently, lead curtain and

baffle shield are routinely applied in interventional surgery. We

found that the application of protective measures could reduce the

radiation dose by at least 10 times, as shown in Figures 5, 6. A paired

t-test was conducted to compare the operator radiation doses

before and after the application of protective facilities, showing a

significant reduction (t = 15.67, p < 0.001).

4 Discussion

Our findings provide actionable insights for refining radiation

safety protocols in interventional radiology. The demonstrated

50.8% reduction in patient radiation dose through low-dose

fluoroscopy mode (Table 1) aligns with recent calls for dose

optimization in guidelines such as the IAEA Safety Standards Series

No. SSG-46. However, our study goes beyond previous research

by systematically evaluating the combined effects of multiple DSA

parameters, including bed plate height, detector height, and field of

view size, on radiation dose.

Previous studies have primarily focused on individual

parameters, such as low-dose fluoroscopy modes or the use of

protective equipment, without considering the interplay between

multiple variables. For patients, radiation is divided into two

parts: fluoroscopy and contrast examination. Asmundo et al.

(13) analyzed the radiation dose of patients receiving lower

limb artery and aortic cavity intervention and found that the

contrast time was much lower than the fluoroscopy time, but the

radiation dose was much higher than the fluoroscopic radiation

dose. And other studies have shown that the main radiation

dose in interventional examination and treatment comes from

intraoperative contrast examination (14). In this experiment, it
was found that the radiation dose of the patient and the operator is

multiplied, but it may also lead to the decline of the image quality.

In addition, the low dose mode can reduce the radiation dose by
changing the tube voltage and current, as shown in Table 1 and

Figure 3. Therefore, low-dose fluoroscopy mode can be applied

in low-precision fluoroscopy-guided interventional surgery to

reduce patient and operator radiation, such as intestinal surgery

at a part of DSA guidance and puncture and drainage surgery at

non-important sites.

In addition to the radiation dose of the fluoroscopy mode, it
is also related to the technical parameters in different modes, such

as the change of the frame, the Angle of photography, the size of

the photography range, the control of the distance between the
detector to the tube, the change of the field of view and the (15–17)

of the collimator range adjustment. In this experiment, we explored

the change of radiation dose after the change of visual field size

and found that the radiation increased while the radiation dose

decreased in the patient after the visual field increased, as shown
in Figures 4, 5. This is because the images are locally enlarged

after photography when, the copper filtration parameters of the X-

line ball tube will change accordingly. After the image is locally

enlarged, Changing the parameter (18, 19) of copper filtration in

the X-line ball tube, Copper filtration of 0.1mm thickness is mostly

used in the case of small-field fluoroscopy, A portion of the tissue

is placed outside the detector, Will cause a portion of the X-ray

following group to be photographed outside the detector, The tissue

value of X-ray in the irradiation area will decrease (20, 21), To

compensate for the absence of this fraction of the X-rays, DSA

will decrease the thickness of copper filtration and increase the

number of X-rays, And reduce the purity of the X-rays, Leading

to an increase in patient radiation dose and a reduction in operator

radiation dose (22). At the same time, in order to ensure the image

quality, the automatic exposure system will improve the SNR ratio

and X-ray quality (23) by adjusting the thickness of the copper

plate filter. During interventional surgery, the bed plate height and

detector height will be adjusted according to the patient and the

intraoperative situation, and the radiation dose will change during

the adjustment. The changes of radiation dose with different bed

plate and detector height changes are shown in Tables 3, 4. After the

increase of the bed plate, the radiation dose of patients decreases

and the radiation dose of the operator increases, which may be

due to the increased distance from the X-ray to the mold after the

tube ball, which leads to the decrease of the X-ray quality, but also

leads to the increase of scattering rays. During the operation, the

appropriate bed plate and detector height can be selected to reduce

the radiation dose of the patient and the doctor. For example, when

the technician remotely controls the contrast, he can appropriately

Frontiers in PublicHealth 06 frontiersin.org

https://doi.org/10.3389/fpubh.2025.1531240
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Zeng et al. 10.3389/fpubh.2025.1531240

FIGURE 4

Radiation dose changes in patients at di�erent visual field sizes (6 × 6 inches and 12 × 12 inches). The figure demonstrates the relationship between

visual field size and patient radiation dose. As the visual field size increases, the patient’s radiation dose also increases. The blue and white

coordinates represent the radiation dose under the 6-inch and 12-inch fields, respectively.

FIGURE 5

Surgical radiation dose changes under di�erent visual field sizes, focusing on gonad and lens measurements in normal fluoroscopy mode (15 fps)

and low-dose fluoroscopy mode (15 fps). The blue coordinates represent the radiation dose under the 6-inch field, and the white coordinates

represent the radiation dose under the 12-inch field. The figure highlights the reduction in operator radiation dose with increasing visual field size,

particularly for sensitive areas such as the gonads and lens.

raise the bed plate to reduce the radiation dose of the patient, and

reduce the bed plate height to facilitate the operation and reduce

the radiation dose of the operator.

The quality of the X-ray beam is a crucial factor in

determining both the dose delivered to the patient and

the image quality obtained. One of the key parameters
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FIGURE 6

Comparison of operative radiation dose before and after the application of protective facilities (A: FPD 20cm, bed height 80 cm; B: FPD 0cm, bed

height 100 cm). The figure shows the significant reduction in operator radiation dose after the application of protective devices such as lead curtains

and shields. The blue and white coordinates represent the radiation dose under the 6-inch and 12-inch fields, respectively.

used to characterize beam quality is the half-value layer

(HVL), which represents the thickness of a material that

attenuates the X-ray beam to half of its original intensity.

The HVL is directly related to the energy spectrum of the

X-ray beam, with higher-energy beams typically having a

greater HVL.

In our study, we have carefully measured the HVL for the X-

ray beams used in our experiments. These measurements were

conducted using standard techniques and equipment to ensure

accuracy. The results indicate that the HVL values obtained

were within the expected range for the specific X-ray tube and

filtration used.
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The importance of HVL in dose and image quality cannot be

overstated. A higher HVL generally results in deeper penetration

of the X-rays through the patient’s tissue, which can lead to

increased dose to the patient. However, this increased penetration

can also result in better image contrast and visualization of deeper

structures, provided that the imaging system is properly calibrated.

Therefore, when interpreting our findings, it is important

to consider the HVL and energy spectrum of the X-ray beam

used. Variations in these parameters can significantly affect the

dose delivered and the image quality obtained, which in turn can

impact the diagnostic accuracy and clinical outcome. By carefully

measuring and controlling these factors, we can optimize the

balance between dose and image quality, ensuring that patients

receive the safest and most effective diagnostic imaging possible.

With the DSA exposure, the interventional professionals were

illuminated with (24) by a large amount of scattered rays.

According to the (25) of the national occupational health standard

Requirements for medical X-ray Diagnosis (GBZ130-2013), “the

dose rate level on the test plane of interventional occupational

personnel in the fluoroscopic protection area in interventional

surgery should not be 400 uSv/h.” In this experiment, the

radiation dose of gonads and chest was higher than the

national standard before the use of protective measures, but

significantly less than the national standard after the application

of protective facilities, as shown in Figure 6. At present, the

protective equipment has also produced qualitative change with

the progress of interventional technology and DSA machine.

After the correct application of protective equipment in this

experiment can reduce the radiation dose of the operator

by more than 10 times. There have been many previous

studies on the correct use method and necessity of protective

equipment (25, 26). In addition, with the development of DSA

machine technology, the application of more advanced vascular

subtraction can further reduce the radiation dose. While a

study demonstracted that a reduction the radiation dose of the

hepatic artery chemoembolization by 52% (27) after the dose

investigation of different interventional procedures in 16 hospitals

in 13 countries.

However, there are some limitations to this study. First,

the experiment was based on a specific digital subtraction

angiography device (Shimadzu Trinias 12) and supporting

dosimetry instruments (Raysafe X2 and AT1123), whose technical

parameters (such as tube voltage, tube current regulation range)

may be different from other brands or models. Therefore, the

applicability of the proposed optimization scheme in different

equipment needs to be further verified. Secondly, the bed plate

height (80–110 cm), detector height (0–30 cm) and field of view size

(6× 6 inches and 12× 12 inches) set in the experimental conditions

are based on specific clinical scenarios, and the parameters may

need to be adjusted in actual surgery due to patient size, anatomical

location or surgeon habits, which may affect the universality of

dose optimization. In addition, although the plexiglass model

used in the study can simulate the direct radiation of patients, it

cannot completely reproduce the influence of real patient tissue

heterogeneity and dynamic physiological activities on radiation

scattering. Finally, differences in the standardization of protective

facilities (such as lead curtains and partitions) and operational

processes in different medical institutions may interfere with the

practical application of the research conclusions. Future studies

need to verify the universality of the parameter optimization

scheme under multi-center and multi-device conditions, and

include real patient data to improve clinical guidance value.

While this study provides valuable insights into the reduction

of scattered radiation through optimized DSA parameters and

protective measures, it has certain limitations. Specifically, we did

not quantify the angular distribution and energy dependence of

scattered radiation, which are critical for a more comprehensive

analysis of radiation safety. Future studies should incorporate

detailed measurements of scatter radiation at various angles and

energy levels to better understand its behavior and further optimize

radiation protection strategies.

While this study provides critical insights into optimizing

DSA parameters for radiation safety, several avenues warrant

further exploration (28, 29)]. First, multi-center trials are

needed to validate the generalizability of our findings across

diverse DSA systems (Siemens, Philips) and clinical workflows

(30, 31). Second, incorporating real patient data—accounting for

tissue heterogeneity, body mass index variations, and dynamic

physiological movements (respiration)—would enhance the

clinical relevance of dose optimization models. Third, the

integration of artificial intelligence (AI) for real-time parameter

adjustment, such as adaptive frame rate control or automated

collimator positioning, could further minimize radiation

exposure while maintaining procedural efficacy. Additionally,

the development of lightweight, non-lead protective materials with

improved ergonomics may address current barriers to consistent

shielding compliance. Finally, longitudinal studies assessing the

long-term health outcomes of optimized DSA protocols (reduced

cancer incidence in operators) are essential to quantify the public

health impact of these interventions.

5 Conclusion

Based on the above findings, the low dose pattern can

significantly reduce radiation in patients and patients, In the image

quality requirements of interventional surgery, low dose mode can

be selected; Most of the time in fluoroscopic mode, At this time,

both the patient and the operator received the X-ray radiation,

The parameters of 90–100 cm from the ground and 10–20 cm from

the patient can be selected for surgery to reduce radiation; For

interventional surgery, The op cocoa leaves the operating room,

Remote contrast was performed by a technician in the control

room, To reduce the radiation dose received by the operator,

(21), The height of the bed plate can be appropriately raised to

increase the distance from the patient to the tube ball and then

reduce the radiation dose. As a highly controllable adjustment

parameter of the surgeon, the appropriate visual field size (22)

should be selected according to the size of the subject and the

area of interest. Finally, the correct use of protective devices can

significantly reduce the radiation dose of the surgeon, and the

doctors’ protection awareness should be continuously strengthened

and the protective measures are implemented. To enhance the

comprehensiveness of radiation safety assessments, future research

should focus on quantifying the angular distribution and energy

dependence of scattered radiation. This will provide amore detailed
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understanding of scatter behavior and enable the development of

more effective radiation protection protocols.
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