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Abstract

Purpose To investigate the radiation exposure in non-

vascular fluoroscopy guided interventions and to search

strategies for dose reduction.

Materials and Methods Dose area product (DAP) of 638

consecutive non-vascular interventional procedures of one

year were analyzed with respect to different types of

interventions; gastrointestinal tract, biliary interventions,

embolizations of tumors and hemorrhage. Data was ana-

lyzed with special focus on the fluoroscopy doses and

frame doses. The third quartiles (Q3) of fluoroscopy dose

values were defined in order to set a reference value for our

in-hospital practice.

Results Mean fluoroscopy times of gastrostomy, jeju-

nostomy, right and left sided percutaneous biliary drainage,

chemoembolization of the liver and embolization due to

various hemorrhages were 5.9, 8.6, 13.5, 16.6, 17.4 and

25.2 min, respectively. The respective Q3 total DAP were

52.9, 73.3, 155.1, 308.4, 428.6 and 529.3 Gy*cm2. Overall,

around 66% of the total DAP originated from the radio-

graphic frames with only 34% of the total DAP applied by

fluoroscopy (P \ 0.001). The investigators experience had

no significant impact on the total DAP applied, most likely

since there was no stratification to intervention-complexity.

Conclusion To establish Diagnostic Reference Levels

(DRLs), there is a need to establish a registry of radiation

dose data for the most commonly performed procedures.

Documentation of interventional procedures by fluoros-

copy ‘‘grabbing’’ has the potential to considerably reduce

radiation dose applied and should be used instead of

radiographic frames whenever possible.

Keywords Radiation protection �
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Introduction

During the last two decades, the field of interventional

radiology (IR) has shown a constantly increasing number

of procedures performed throughout the world as well as an

impressive expansion of the spectrum of intervention types

involving increasing complexity and radiation exposure

[1–4]. Currently, as a general principle of IR, stepwise

documentation of the procedural steps allows for compre-

hensive quality and safety management based on distinct

and conclusive radiographic records, making the procedure

transparent to all others, particularly the patients and the

referring physician. Compared with formerly used sheet-

film angiography, state-of-the-art angiography machines

allow for high frame frequencies, nearly without limit to

the total number of frames [5]. Those high-frequency

frames might be necessary in vascular interventions with

high-flow dynamics; however, if not specifically needed for

these, their frequent use should be avoided because of high

radiation doses.

Diagnostic reference levels (DRLs) are an important

tool for quality assurance and improvement. Although they

have been used in diagnostic radiology since the 1990 s,

until to now no respective DRLs have been defined for

most of the established interventional procedures [6–8]. In
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Germany, the Federal Office for Radiation Protection

recently published a guideline dealing with radiation

exposure in medicine [9]. However, due to lack of data, it

only consists of reference data for some vascular proce-

dures, such as coronary angiographies, percutaneous cor-

onary angioplasty, and percutaneous angioplasty of the

pelvic and upper-leg arteries. In this publication, clinical

data from the majority of intervention sites from 2006 to

2009 were analyzed, and the third quartiles (Q3) of the

pooled DAP were taken as suggested benchmarks for

interventional procedures. Transarterial chemoemboliza-

tion (TACE) of tumors or bleeds, percutaneous transhe-

patic bile duct interventions (PTCD), fluoroscopy-guided

percutaneous gastrostomies (PRG), and percutaneous

abscess drainages (PAD) are frequently performed proce-

dures. However, especially in these nonvascular proce-

dures, only a few DRLs have been published thus far

[10–15]. Some of these procedures are performed repeat-

edly (e.g., TACE) in the same patient. In addition, basically

all interventional procedures contribute not only to the

radiation dose of the patient but also to the performing

physician’s cumulative life dose. Therefore, the analysis of

respective DAPs from daily interventional procedures is of

basic interest for interventional radiologists. The purpose

of this retrospective analysis was to analyze and define our

in-house preliminary DRLs. The data include all fluoros-

copy-guided nonvascular interventions during the period of

1 year in one of our three angiography suites.

Materials and Methods

Consecutive nonvascular interventions (n = 716) per-

formed with an Integris V3000 angiography system

(Philips, Eindhoven, the Netherlands) were included in this

retrospective analysis. As part of the primary dosimetric

quantity data, the DAP was registered by the integrated

ionization chamber of the angiography unit (Diamentor

102 M1; PTW, Freiburg, Germany). The DAP meter was

calibrated regularly using a calibrated external DAP meter

(Diados; PTW). First calibration has been performed at

initial certification of the angiography unit. Afterward, the

correct calibration was checked twice a year by external

technicians during the course of regular unit maintenance.

Every fifth year, the official federal technical control board

performed a detailed recertification of the entire unit,

including renewal of the DAP-meter calibration. Subse-

quently, the intervention protocols, including the separate

DAPs for fluoroscopy and frame acquisition as well as

fluoroscopy times, were automatically archived and trans-

ferred to our institutional radiological information system

(RIS). This was performed automatically by the angiog-

raphy unit sending the information to the RIS-included

DICOM-connector-MPPS-server (modality-performed

procedure step) with a unique application entity title and

port number using the standard DICOM interface. These

protocols were analyzed with respect to fluoroscopy time

and overall DAPs as well as fluoroscopy-DAPs and

radiographic frame-DAPs. Similar interventional proce-

dures were categorized and grouped, taking into account

the number of patients for each procedure to achieve a

sufficiently large sample size. In total, 79 rarely performed

procedures could not be adequately grouped and were

excluded from the analysis because the resulting patient

numbers in each group were too small to reach statistical

analysis. The number of interventions finally included into

this analysis was 638.

The impact of the investigators experience on fluoros-

copy time and DAP, frame-DAP, and total DAP was ana-

lyzed by building two groups of investigators: The first

group included final-year residents and early board-certi-

fied radiologists, and the second group included senior

radiologists with at least 5 years of experience in IR. We

restricted our comparison of three different types of inter-

ventions (PTCD placement from the left and the right as

well as liver TACE) because these interventions were the

only ones performed by experienced and less experienced

investigators in equal numbers. However, because of the

retrospective nature of this analysis, there was no ran-

domized allocation of clinical cases and physicians. Due to

ethical issues, this also would have been not acceptable in a

prospective study design. The present data, in fact, repre-

sent clinical routine, with technically complex cases being

allocated to experienced senior interventional radiologists

(IRs) and straightforward cases being allocated to inter-

mediate IRs under the surveillance of senior IRs.

Statistical Analysis

Primary data were recorded using Excel 2007 by Microsoft

(Richmond, WA). Calculation software was SPSS Statis-

tics version 18 (SPSS, Chicago, IL). Fluoroscopy time,

fluoroscopy-DAP, DAP of radiographic frames, and total

DAP are described for each group by mean values (means),

standard deviation (SD), medians, and Q3s. DAP is given

in Gy*cm2. Fluoroscopy time is given in decimal fractions

of minutes. Proportion of DAPs during fluoroscopy or by

frame acquisition was compared for each group and for all

interventions. Because the distribution of these samples

was related but highly skewed and non-Gaussian, the

respective DAPs were compared using Wilcoxon signed-

rank test. The investigators’ experience was analyzed by

comparing fluoroscopy time and fluoroscopy-DAP, frame-

DAP, and total DAP of both investigator groups. Because

the data were non-Gaussian and not related, the Mann–

Whitney U test was applied. Statistical testing was performed
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by an independent statistician to avoid any review bias, and

P \ 0.05 was considered statistically significant.

Results

Nonvascular interventions were categorized into four

groups (gastrointestinal interventions, embolizations, bili-

ary interventions, and percutaneous abscess drainages)

consisting of 11 subgroups. The number of patients varied

between 7 and 165 patients/group (mean 58). Table 1 lists

descriptive statistics of fluoroscopy time, mean number of

frames, and total DAPs for each group of interventions.

The last column shows Q3s of total DAPs to suggest pre-

liminary in-house reference levels for the respective

intervention types.

As expected, fluoroscopy time, number of frames, and

total DAPs varied depending on the complexity of the

procedures. Complexity might also cause respective dif-

ferences within the same intervention group (e.g., PTCD

control versus PTCD placement). Overall, the interventions

can be divided into high- and low-dose procedures. Gas-

trointestinal interventions, such as PRG, PAD, and PTCD,

might be categorized as low-dose procedures with rela-

tively short fluoroscopy times and consecutively low

radiation dose levels. Fluoroscopy times, number of

frames, and DAPs of these procedures were 5.9 ± 5.3 min,

18 frames, 44.1 ± 49.4 Gy*cm2 (PRG); 5.4 ± 9 min,

20 frames, 54.6 ± 79.1 Gy*cm2 (abdominal PAD); 1.3 ±

2.7 min, 52 frames, 99.4 ± 72.8 Gy*cm2 (PTCD control);

and 4.7 ± 7.1 min, 44 frames, 96.4 ± 77.9 Gy*cm2

(PTCD change). As noted previously, especially in these

procedures, the SD in fluoroscopy time and DAP is great

and could be twice as much as the mean value. These

procedures were performed by all investigators, the less

and the most experienced ones, demonstrating the potential

for further dose decrease. However, percutaneous radio-

logic jejunostomies (PRJs) are intrinsically associated with

greater fluoroscopy time and slightly greater DAP of

8.6 ± 8.9 min and 81.8 ± 72.9 Gy*cm2 because direct

percutaneous puncture of the lumen of the jejunum might

sometimes be a challenge for both, experts and beginners.

A comparison of our DAPs with the data available in the

literature is listed in Table 2.

The second group consisted of more complex interven-

tions, which are associated with greater fluoroscopy times,

frames’ and DAPs, such as biliary interventions with

PTCD placements from left and right (16.6 ± 9.4 min, 14

frames, 213.4 ± 136.9 Gy*cm2 and 13.5 ± 9.7 min, 85

frames, 153.5 ± 161.5 Gy*cm2, respectively) or TACE of

liver tumors or bleedings (17.4 ± 10.7 min, 124 frames,

395.3 ± 238.3 Gy*cm2 and 25.2 ± 11.9 min, 371 frames,

317.5 ± 184.9 Gy*cm2, respectively). As noted previ-

ously, particularly liver TACE might be associated with

high cumulative DAPs for patients and IRs since usually it

is performed repeatedly on a regular schedule. Because

most of these patients are treated palliatively, the investi-

gator should be aware of the radiation doses applied.

Analyzing all 638 interventions, taking into account

the numbers of each procedure, 66.1% of total DAP

Table 1 Descriptive statistics of patient numbers, fluoroscopy time, mean number of frames acquired, and total DAP with mean values, SDs,

median values, and Q3s

Region of intervention Intervention

(n)

Fluoroscopy time-

mean ± SD (min)

Frames-

mean (n)

Total dose-mean±

SD (Gy*cm2)

Total

dose-median

(Gy*cm2)

Total dose-Q3

(Gy*cm2)

Gastrointestinal

PRG placement 53 5.9 ± 5.3 18 44.1 ± 49.4 32.6 52.9

PRJ placement 12 8.6 ± 8.9 30 81.8 ± 72.9 53.1 73.3

Gastric banding–filling control

by way of port

21 3.9 ± 4.1 14 69.8 ± 74.8 44.9 59

Embolization

TACE 92 17.4 ± 10.7 124 395.3 ± 238.3 295.4 428.6

Embolization of hemorrhage 30 25.2 ± 11.9 371 317.5 ± 184.9 325.4 529.3

Biliary

PTCD placement from left side 22 16.6 ± 9.4 14 213.4 ± 136.9 170.9 308.4

PTCD placement from right side 61 13.5 ± 9.7 85 153.5 ± 161.5 113.9 155.1

PTCD control 165 1.3 ± 2.7 52 99.4 ± 72.8 83.6 128.8

PTCD change 127 4.7 ± 7.1 44 96.4 ± 77.9 76.5 123

PAD

Thoracic 7 3.6 ± 5 5 23.6 ± 28.6 11.8 28.3

Abdominal 48 5.4 ± 9 20 54.6 ± 79.1 36.5 61.2
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administered was due to the acquisition of digital high-

quality images, and only 33.9% were attributable to fluo-

roscopy (P \ 0.001). Table 3 lists fluoroscopy-DAP and

radiographic frame-DAP. In 5 of 11 subgroups (gastric

banding–filling, TACE of liver tumors, embolization of

hemorrhage, PTCD control, and PTCD change), frame

acquisition of the intervention resulted in significantly

greater DAPs compared with fluoroscopy phases. This

means that documentation needed significantly more radi-

ation than fluoroscopy-guided performance of the basic

intervention itself. In PRG and PAD placements, the dis-

tribution between fluoroscopy-DAPs and frame-DAPs was

nearly equal. In only 3 of 11 subgroups (PTCD placement

from both sides as well as thoracic drainage), was fluo-

roscopy-DAP the leading source of total DAP (in two of

them just slightly and in PTCD placement from the right

side significantly).

Table 4 lists the impact of the investigators’ experience

with DAP in PTCD and TACE. There were no statistically

significant differences between final-year residents/early

board-certified radiologists and senior radiologists. In fact,

in most cases there was not even a trend toward greater

DAPs in beginners. In left-sided PTCD, senior radiologists

needed even greater DAPs than final-year residents/early

board-certified radiologists. However, left-sided PTCD

might be technically more challenging, and there was no

randomized allocation of intervention and investigator.

Discussion

The present data demonstrated that fluoroscopy-induced

DAPs were considerably lower compared with the DAPs

applied through radiographic frame acquisition. Two thirds

of total DAP originated from the acquisition of high-

quality radiographic frames (34 vs. 66%, P \ 0.001). The

same had also been shown for invasive cardiology.

Therefore, our data confirm this statement also for non-

vascular radiologic interventions [16]. Apart from a few

special clinical situations, high-resolution radiographic

frames are only used for documentation purposes. Stepwise

documentation of the entire intervention has been a good

standard in IR for the last two decades. It makes the pro-

cedure more transparent for further quality-management

issues and is necessary for complication and safety man-

agement. State-of-the-art angiography machines allow for

‘‘grabbing’’ fluoroscopy scenes with sufficient image

quality [17]. We therefore suggest restricting the use of

high-quality frames to documentation of the preinterven-

tional and postinterventional status and to critical intra-

procedural steps when fluoroscopy might not capture the

image details or because of safety issues.

Fluoroscopy phases represent the critical phases of the

intervention itself, and DAP might therefore not be arbi-

trarily further decreased. In contrast, high-quality frames

are add-ons for documentation without additional effect on

the procedure itself. Our suggestion to minimize frame

acquisition is in accordance with the Cardiovascular and

Interventional Radiological Society of Europe (CIRSE)/

Society of Interventional Radiology guideline [18], which

also recommends the use of fluoroscopy loops instead

of frames for documentation based on the work of

Stecker et al. [19]. In addition, our analysis has quantified

the distribution of radiation between fluoroscopy and

frame acquisition. It suggests Q3 in-house reference stan-

dards in fluoroscopy-guided nonvascular interventions and

Table 2 Descriptive statistics of patient numbers, fluoroscopy time, mean number of frames acquired, and total dose with mean values, SDs,

median values, and Q3s

Region of intervention –

comparative studies

Intervention

(n)

Fluoroscopy time-

mean ± SD (min)

Frames-

mean (n)

Total dose-mean ±

SD (Gy*cm2)

Total dose-

median (Gy*cm2)

Total dose

Q3 (Gy*cm2)

TACE (own data) 92 17.4 ± 10.7 124 395.3 ± 238.3 295.4 428.6

Marshall et al. [35] 70 22 140 463 – –

Miller et al. [12] 126 16.8 216 282 – –

Vano et al. [10] 149 24.3 85 121 – 149

PTCD placement from

left side (own data)

22 16.6 ± 9.4 14 213.4 ± 136.9 170.9 308.4

PTCD placement from

right side (own data)

61 13.5 ± 9.7 85 153.5 ± 161.5 113.9 155.1

Ruiz Cruces et al. [13]a 18 – – 150 133 184

Marshall et al. [35]a 56 21.1 31 244 – –

Miller et al. [12]a 123 23.6 15 71 – –

PTCD control (own data) 165 1.3 ± 2.7 52 99.4 ± 72.8 83.6 128.8

Ruiz Cruces et al. [15] 14 – 3.8 43 38.9 63.2

a In PTCD placement, the side of intervention was not further specified
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demonstrates the possible range of dose decreases. More-

over, the potential impact on the radiation dose for the staff

is striking. Vano et al. reported that DAP of the staff might

be eight times greater when using DSA frames instead of

fluoroscopy scenes [20].

A comparison of our DAPs with the few existing data in

the literature is barely possible. First, sufficient data are

only available on liver TACE, PTCD placement, and

PTCD control [10–15]. Second, the differing grouping of

interventions, e.g., no side specified for PTCD, has the

potential to completely alter the values. In addition, it

further depends on the complexity levels of the procedures,

which were not well defined and might have been different

in distinct reports [21]. Compared with the data mentioned

previously (Table 2), our fluoroscopy times are in the

lower range for TACE (17.4 vs. 24.3, 22, and 16.8 min)

and approximately one third lower than the average for

PTCD placement (16.6 left side and 13.5 right side vs. 21.1

and 23.6 min, respectively). Comparing total DAP during

TACE, we are in the upper range (395.3 vs. 121, 463, and

282 Gy*cm2). The same is found for PTCD placement

(213.4 left side and 153.5 right side vs. 244, 71, and

150 Gy*cm2, respectively). Especially for left-hepatic

PTCD placements, this is a major issue for the performing

radiologist because the dose-decreasing lead shield

cannot be used in many cases due to technical issues during

the intervention [22]. During PTCD control, we applied

approximately twice as much dose compared with

Ruiz-Cruces et al. (99.4 vs. 43 Gy*cm2). The mean number

of frames differs considerably in these studies and does not

seem to correlate to total DAP applied with the exception

of PTCD control, during which we probably acquired too

many frames (52 vs. 3.8). Unfortunately, there are no ref-

erence data available giving separate dose values for

fluoroscopy and frame acquisition. Therefore, our fluoros-

copy DAPs reported herein might serve as preliminary

internal DRLs for quality control of our in-house inter-

ventional procedures.

In the present study, the investigators experience had no

significant impact on total DAPs applied. However, this

retrospective analysis was not randomized. Therefore, all

complex procedures were primarily performed by the

experienced senior radiologists, leaving the less sophisti-

cated ones for the beginners. In addition, residents or early

board-certified colleagues were supervised and supported

by an experienced senior radiologist who took over when-

ever necessary. Because clinical training in IR requires

room for training beginners, immediate support and take-

over by the senior radiologist are mandatory in cases of

substantial trouble. To realistically investigate the impact of

personal experience on radiation doses, the assignment of

interventions to the radiologist would have to be random-

ized and stratified according to complexity [23]; however,

this would be inacceptable according to ethical issues.

The International Commission on Radiological Protec-

tion (ICRP) recommends doses not to drop below a critical

Table 3 Comparison of fluoroscopy and radiographic frame dose given mean values with percentages, medians, and Q3s

Region of intervention No. of

interventions

Mean (%)

fluoroscopy

DAP-

(Gy*cm2)

Median

fluoroscopy

DAP-Q3

(Gy*cm2)

Mean

(%)frame

DAP-

(Gy*cm2)

Median

frame

DAP-Q3

(Gy*cm2)

Fluoroscopy

versus

radiographic

frame DAP (P)

Gastrointestinal 86 24.9 (45) 12.8–28.1 30.7 (55) 18.9–34.3

PRG placement 53 23 (52) 12.2–25.1 21.2 (48) 14.4–25.4 0.465

PRJ placement 12 34.6 (42) 17.4–36.7 47.2 (58) 31.4–48.7 0.388

Gastric banding–filling control

by way of port

21 24.7 (35) 16–32 45.0 (65) 26.6–41.7 0.001

Embolization 122 124 (37) 98.5–177.7 212.7 (63) 192.4–290.5

Liver TACE 92 113.4 (36) 93.5–154.8 204.1 (64) 187.2–278.5 \0.001

Embolization of hemorrhage 30 156.5 (37) 140.4–225.3 238.9 (60) 202–325.4 0.004

Biliary 375 31.9 (29) 7.1–37.8 79.6 (71) 63.4–104.5

PTCD placement from left side 22 120.3 (57) 100.5–137.2 91.3 (43) 63–123.5 0.372

PTCD placement from right side 61 84.3 (61) 56.9–97 53.5 (39) 47.3–68.6 0.003

PTCD control 165 7.3 (7) 2.6–6.4 92.1 (92) 77.2–121.6 \0.001

PTCD change 127 23.3 (24) 9.2–27.6 74.0 (76) 55.2–93.6 \0.001

PAD 55 25.8 (51) 5.4–25.3 24.8 (49) 17.3–33.4

Thoracic 7 14.7 (62) 3.2–15.4 8.9 (38) 6.3–14.7 0.398

Abdominal 48 27.4 (50) 7.5–25.1 27.2 (50) 18.1–39.4 0.138

All 638 47.9 (34) 15.4–59 93.7 (66) 60.2–127.6 \0.001
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range in order to avoid inadequate image quality with

consecutive loss of diagnostic information [8, 21, 24].

Therefore, IRs should be well trained, thus enabling them

to decide when they can forego high-quality images with-

out loss of diagnostic information. Restricting high-quality

frames might allow for some more fluoroscopy time during

the intervention for beginners. This should be helpful

because the lack of routine and speed are the main reasons

why other studies proved that less-experienced operators

need to use more radiation during the same procedures

[17, 25, 26]. Overall, a decrease of radiographic frames

will be favorable for both, experienced investigators and

beginners [16].

This study design was retrospective. Nonetheless, we

believe that this was not disadvantageous because review

bias was eliminated by not performing any preselection and

instead just including all interventions and interventional-

ists from one angiography suite during a certain period of

time. In fact, this design could be advantageous because at

the point of intervention, the operators were not aware that

their dose values would be analyzed afterwards. In fact, the

collected data represent daily clinical routine, and the

approach avoids any bias. In contrast, dose values from

prospective study designs might be too low to realistically

represent clinical routine because the investigators became

aware of the projected radiation analysis, thus encouraging

them to use less radiation [27]. Furthermore, radiation

doses vary up to a factor of 6 depending on patient thick-

ness [20]. Therefore, more exact data could have been

obtained if patient body weight and thickness had been

measured and registered as well. This was not performed in

this study; however, there was no patient selection in our

study, meaning that the respective data represent the

present patient population of our hospital. Of course, var-

iability even between formally identical procedures is great

and depends on too many factors why the skewness in this

study is that great. Therefore, reference levels can only

serve as an orientation for investigators and patients rather

than representing strict thresholds [6]. Nonetheless, par-

ticularly for frequently performed interventions, our fluo-

roscopy data will be used for internal quality assurance of

our interventional procedures to benchmark fluoroscopy

time and DAPs [28–30]. In our study, only DAP data (in

Gy*cm2) were collected. A better predictor of the fre-

quency of occurrence of deterministic skin effects is the

peak skin dose (PSD) [15, 27, 31–34]. Because PSD is

difficult to measure, measurement of cumulative dose

(CD), in addition to DAP, is a good compromise, making it

easier to compare the total amount of radiation applied in

different procedures.

Altogether, the development of fluoroscopy- and frame-

DRLs requires a registry of radiation doses that should not

Table 4 Comparing the investigators’ experience using three different interventions performed by both groups

Intervention Final-year

residents/early

board-certified

(means ± SDs)

Final-year

residents/early

board-certified

(median Q3s)

Senior

radiologists

(means ± SDs)

Senior

radiologists

(median Q3s)

P

Liver TACE

No. of interventions 37 52

Fluoroscopy time (min) 18.1 ± 10.4 13.9–24.1 17.0 ± 11.3 13.1–22.9 0.334

Fluoroscopy dose (Gy*cm2) 122.9 ± 88.4 99.2–154.1 110.0 ± 79.0 89–159.9 0.495

Frame dose (Gy*cm2) 198.7 ± 96.5 198.9–275 211.2 ± 145.3 172–295.7 0.842

Total dose (Gy*cm2) 312.6 ± 151.9 318.2–387.7 321.3 ± 209.7 295.5–441.5 0.612

PTCD placement from left side

No. of interventions 9 10

Fluoroscopy time (min) 15.3 ± 8.8 15.3–18.9 19.2 ± 10.5 14.4–25.2 0.624

Fluoroscopy dose (Gy*cm2) 87.3 ± 55.0 75.3–107.2 149.3 ± 126.5 132.8–152.6 0.221

Frame dose (Gy*cm2) 66.4 ± 42.2 52–69.2 106.0 ± 63.3 71.3–166.1 0.086

Total dose (Gy*cm2) 153.7 ± 85.6 127.3–176.4 259.4 ± 135.2 251.9–324.8 0.086

PTCD placement from right side

No. of interventions 15 35

Fluoroscopy time (min) 14.7 ± 10.4 11.8– 15.8 12.1 ± 8.3 10–16.7 0.223

Fluoroscopy dose (Gy*cm2) 91.1 ± 88.2 56.3–98.8 84.1 ± 94.5 56.9–93 0.276

Frame dose (Gy*cm2) 63.3 ± 41.3 50.2–85.3 45.7 ± 26.2 39.5–61.5 0.216

Total dose (Gy*cm2) 154.4 ± 114.4 113.4–171.2 129.8 ± 109.3 103–138.2 0.240

a Fluoroscopy time and DAP, as well as mean frame DAP and total DAP, are given (mean ± SDs, median, and Q3s)
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only rely on a sufficiently large patient collective but also

differentiate between the complexity of different types of

procedures to provide an informative basis for the mis-

cellaneous radiation risks for specific interventions as well

as various anatomic regions [10, 21, 35].

Conclusion

Two thirds of total DAP applied during nonvascular IR

procedures were due to frame acquisition, and only one

third was attributable to fluoroscopy. Therefore, the overall

DAP can be considerably decreased by using fluoroscopy-

image ‘‘grabbing’’ instead of radiographic frame acquisi-

tion for documentation whenever possible. To establish

DRLs, there is a need to establish a registry of radiation

dose data for the most commonly procedures performed

from a sufficiently large number of different hospitals.

Nonetheless, DRLs can always only serve as an orientation

because DAP is influenced by a variety of factors. Prefer-

ably, separate DAPs for fluoroscopy and frame acquisition

should be recorded to demask the fraction of radiation

applied for documentation purposes only. Analyzing the

impact of investigators’ experience on the DAP requires a

prospective randomized trial with an additional complexity

stratification, which would be inacceptable according to

ethical issues.
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