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Purpose: To assess patient radiation doses during diagnostic and therapeutic neurointerven- Copyright © 2021 Korean Society of
) ) Interventional Neuroradiology
tional procedures from multiple centers and propose dose reference level (RL). This is an Open Access article distributed under the terms of
Materials and Methods: Consecutive neurointerventional procedures, performed in 22 hos- the Creative Commons Attribution Non-Commercial License
. . . (http://creativecommons.org/licenses/by-nc/4.0) which
pitals from December 2020 to June 2021, were retrospectively studied. We collected data from permits unrestricted non-commercial use, distrbution, and
a sample of 429 diagnostic and 731 therapeutic procedures. Parameters including dose-area reproduction in any medium, provided the original work is
properly cited.

product (DAP), cumulative air kerma (CAK), fluoroscopic time (FT), and total number of image
frames (NI) were obtained. RL were calculated as the 3rd quartiles of the distribution.

Results: Analysis of 1160 procedures from 22 hospitals confirmed the large variability in
patient dose for similar procedures. RLs in terms of DAP, CAK, FT, and NI were 101.6 Gy~cm2,
711.3 mGy, 13.3 minutes, and 637 frames for cerebral angiography, 199.9 Gy~cm2, 34587 mGy,

573 minutes, and 1,000 frames for aneurysm coiling, 225.1 Gy-cm?, 1,590 mGy, 44.7 minutes, PISSN 2093-9043
elSSN 2233-6273
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and 800 frames for stroke thrombolysis, 412.3 Gy~cm2, 44478 mGy, 99.3 minutes, and 1,621.3
frames for arteriovenous malformation (AVM) embolization, respectively. For all procedures, the
results were comparable to most of those already published. Statistical analysis showed male
and presence of procedural complications were significant factors in aneurysmal coiling. Male,
number of passages, and procedural combined technique were significant factors in stroke
thrombolysis. In AVM embolization, a significantly higher radiation dose was found in the de-
finitive endovascular cure group.

Conclusion: Various RLs introduced in this study promote the optimization of patient doses
in diagnostic and therapeutic interventional neuroradiology procedures. Proposed 3rd quartile
DAP (Gy-cm?) values were 101.6 for diagnostic cerebral angiography, 199.9 for aneurysm coiling,
225.1 for stroke thrombolysis, and 412.3 for AVM embolization. Continual evolution of practices
and technologies requires regular updates of RLs.

Key Words: Cerebral angiography; Diagnostic reference levels; Radiation monitoring; Intracra-
nial aneurysm; Thrombectomy; Intracranial arteriovenous malformation
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INTRODUCTION

Cerebrovascular disease is one of the leading causes of death
in Korea, and interventional neuroradiology (INR) procedures
have increased substantially in both number and complexity.
As the volume and types of procedures grow, we will start to
see lengthy procedures to achieve better results. However,
interventional radiological procedures can potentially expose
a patient to high doses of radiation, which requires particular
concern and continuous monitoring.“2

Since interventional radiology involves prolonged use of
X-rays, reference levels (RLs) for various procedures might be
the next step in quality assurance and improvement.? Similar
to diagnostic reference levels (DRLs), continuously updated
RLs in diagnostic and interventional radiology should pro-
vide a framework for physicians performing endovascular
treatment in order to control, limit, and reduce radiation ex-
posure for patients and personnel. >

Previous studies in Korea and other countries have investi-
gated RLs and reported large variation within hospitals using
different RL guidelines.”'® Recognizing the need for continu-
ous dose monitoring in diagnostic cerebral angiography and
the fact that no such multi-center study has ever been car-
ried out regarding other INR procedures, the authors collect-
ed data concerning the dose to patients undergoing some
of the most common INR procedures performed in Korea.

The purposes of the present study were (1) to obtain base-
line radiation dose data by evaluation of patient exposure at

https://doi.org/10.5469/neuroint.2021.00437

multiple centers, (2) to compare these data with the recent
literature from other studies, and (3) to propose new DRLs.

MATERIALS AND METHODS

Study Design and Patient Selection

This was a multicenter retrospective study with the partici-
pation of 22 hospitals involving prospectively and consec-
utively collected data between December 2020 and June
2021. The target hospitals were secondary or tertiary hospi-
tals designated as local medical centers in South Korea and
endovascular treatment-capable institutions. As radiation
doses show a wide distribution with respect to pathology
and type of neurointerventional procedure, we focused on
4 standardized cerebral angiographic examinations. Each
center was asked to register 20 cases of diagnostic cerebral
angiography, 15 cases of aneurysm embolization, 15 cases
of stroke thrombolysis/thrombectomy, and 5 cases of arte-
riovenous malformation (AVM) embolization, respectively.
In diagnostic angiography, the age of participants ranged
from 17 to 86 years with mean age of 56 years. For each ex-
amination, the centers were asked to fill out a questionnaire
containing various information regarding radiation data. The
X-ray systems used in this study were all biplane digital sub-
traction angiography (DSA) (14 Siemens, 7 Philips, and 1 GE
machines). Institutional ethics board approval was granted
for this retrospective descriptive cohort study performed at
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various institutions. A waiver of the need for consent was
obtained for this Health Insurance Portability and Account-
ability Act compliant survey research.

Procedures Included

The neurointerventional procedures were divided into 2
groups: (1) diagnostic cerebral angiography for aneurysm
evaluation and (2) therapeutic procedures, namely aneu-
rysmal coil embolization, mechanical thrombolysis/throm-
bectomy for ischemic stroke, and AVM embolization. For a
diagnostic angiography procedure, we focused on aneurys-
mal evaluation, and follow-up after clipping or coiling of an
aneurysm was excluded. The procedures were performed
by an experienced interventional neuroradiologist or clinical
fellow undergoing interventional neuroradiology training, all
using their own protocols.

Data Collection

Collected patient radiation dose indicators were as follows:
dose-area product (DAP), cumulative air kerma (CAK), fluo-
roscopic exposure time, and number of angiographic image
acquisitions. Collected data were entered onto a Microsoft
Office Excel 2010 (Microsoft, Redmond, WA, USA) spread-
sheet. Patient sex, patient age, procedure type, and number

Vol. 16, No. 3, November 2021

of exposures were recorded for all procedures. For the aneu-
rysm coiling procedure, the following additional parameters
were recorded: location, size of aneurysm, embolization
technique, and presence of peri-procedural complication.
For stroke thrombolysis, the following additional parameters
were recorded: level of occlusion, thrombectomy technique
(stent retriever, direct aspiration, or combined), trial number
of device passage, and final angiographic results. For AYM
embolization, the following additional parameters were
recorded: size and location of AVM nidus, Spetzler-Martin
grade, and purpose of embolization. Data were analyzed to
assess meanzstandard deviation for each parameter. As col-
lected radiation doses will show a skewed distribution with
extreme values and a long upper tail, 75th percentile values
were also analyzed to propose DRL.

Statistics/Data Analysis

A descriptive analysis of the data was performed. Statistical
analysis was performed with Statistical Package for Social
Scientists (SPSS) software version 23 (IBM, Armonk, NY, USA).
Median, mean, and maximum and minimum radiation dos-
es were calculated for each of the 4 procedures. Except for
diagnostic angiography, other procedure-related variables
were analyzed using 2 different statistical tests depending

Table 1. Summary of DAP, cumulative air kerma, fluoroscopy time, image frames for interventional procedures

Cumulative air kerma

Number of image

DAP (Gy-cm?) (Gy) Fluoroscopy time (min) frames
Diagnostic Mean+SD 78.0+43 541.5+£333.2 104+64 511.1£208.5
cerebral Median 704 4492 86 464.0
angiography 3rd quartile 101.6 7113 133 637
(n=429) Range 12.5-357 105.3-2,836 2.5-50 52-1,449
25th percentile 458 2943 6.0 371
Aneurysm coiling Mean+SD 151.0£96.8 2,622.8+2,110.7 45.8+30.7 803.7£540.0
(n=327) Median 130.6 2,104.0 409 680.0
3rd quartile 199.9 3,458.7 57.3 1,000
Range 12.3-7289 342.7-21,280.0 2.8-3184 44-3,175
25th percentile 84.9 1,255.0 24.7 424
Stroke Mean+SD 176.2+118.7 1,263.5+918.2 3514264 630.24619.0
thrombolysis Median 1504 1,036.0 286 434.0
(n=326) 3rd quartile 2251 1,590.0 44.7 800.0
Range 9.9-787.2 61.3-6,804 3.8-163.9 58-4,870
25th percentile 92.5 587.1 15.2 219.8
AVM embolization Mean+SD 300.1£184.2 3,673.8+2,923.0 77.2£50.1 1,293.841,061.6
(n=78) Median 264.3 3,073.5 63.1 1,016.5
3rd quartile 4123 4,447.8 99.3 1,621.3
Range 15.1-835.0 84.7-13,245 2.2-245.0 126.0-5,554
25th percentile 167.6 1,772.8 413 588.0

DAP, dose-area product; AVM, arteriovenous malformation; SD, standard deviation.

242 www.neurointervention.org



Ihn YK et al. Reference Doses for Interventional Neuroradiology Procedures in Korea

on the number of groups per variable. Variables were com-
pared according to the t-test if data were normally distribut-
ed between 2 groups. Between 3 groups, when statistically
significant differences occurred, the ANOVA test with Tukey's
hostly significant difference (HSD) post hoc test for multiple
comparisons was performed. A P-value of less than 0.05 was
considered statistically significant.
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Fig. 1. Box plot of DAP for the neurovascular procedures analysed.
The lower boundary of the box is the 25th percentile value, the upper
boundary of the box is the 75th percentile value, the horizontal line
within the box is the median value. DAP, dose-area product; AVM, arte-
riovenous malformation.

RESULTS

A total of 1,160 patients who underwent neurointerventional
procedures were eligible for inclusion. Of the 1,160 proce-
dures, 429 diagnostic cerebral angiograms, 327 aneurysm
coilings, 326 stroke thrombolysis, and 78 AVM embolization
procedures were performed. Median DAPs were as follows:
diagnostic cerebral angiography, 70.4 Gy-cm?; aneurysm
coiling, 130.6 Gy-cmz; stroke thrombolysis 1504 Gy-cm2; and
AVM embolization, 264.3 Gy-cmz. Detailed DAP distributions
are illustrated in Table 1 and Fig. 1 demonstrates the range of
radiation doses for each procedure type.

In diagnostic cerebral angiography, the mean DAP+stan-
dard deviation was 78.0+43 Gy-cm? for DAP, 541.5+333.2 mGy
for CAK, 10.4+6.4 minutes for fluoroscopic time (FT), and
511.1+208.5 frames for angiographic image frames. The third
quartiles, which may be set as a DRL, were 101.6 Gy-cm? for
DAP, and 711.3 mGy for cumulative air kerma, 13.3 minutes for
fluoroscopy times, and 637 for number of image frames.

Radiation Dose for Aneurysm Coiling

Patient characteristics are summarized in Table 2. We identi-
flied a total of 327 patients (30.2%; 99 males, and 69.8%, 228
females, mean age 609 years) with either an unruptured or
ruptured intracranial aneurysm. The median aneurysm size
was 54 mm, with a minimum diameter of 2.3 mm and a
maximum diameter of 18.1 mm. In total, 279 (85.3%) out of
a total of 327 aneurysms were located at the anterior circu-
lation and 48 (14.7%) aneurysms at the posterior circulation.
Regarding the endovascular treatment technique, 159/327

Table 2. Characteristics of 327 patients with a cerebral aneurysm undergoing endovascular treatment

Variable Value
Age, mean (range) 609y (17-92y)
Sex
Male (n=99) 30.20%
Female (n=228) 69.80%

Aneurysm size, median (range)
Procedural complication
Without

With

Coiling (simple or double microcatheter) (n=159)
Balloon or stent assisted (n=57)

Flow diverter (n=11)

54 mm (2.3-18.1 mm)

313
14
Anterior circulation (n=279) Posterior circulation (n=48)
145 14
127 30
7 4

https://doi.org/10.5469/neuroint.2021.00437
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Table 3. DAP, AK, fluroscopy time regarding aneurysm treatment

Sex
Male (n=99) 168.9+117 2,935+2,401 4634313
Female (n=228) 137.8491 2,464+2,142 455+32.7
P-value 0019 0.112 0.857

Procedural complication

Without (n=313) 144486 2487+1,811 4334250
With (n=14) 309+168 5,655+4,758 102.9+70.4
P-value 003" 0.027" 0.007"

Mean value were calculated using t-test and are shown ad mean+standard deviaton.
DAP, dose-area product; AK, air-kerma; FT, fluoroscopic time.
Remained significant.

Table 4. Characteristics of 326 patients with ischemic stroke undergoing mechanical thrombolysis

Age, mean (range) 7084y (29-93 y)
Male (n=186) 57.10%
Female (n=140) 42.90%

Anterior circulation (n=283) Posterior circulation (n=43)

Stentriever (n=113) 105 8

Success of recanalization (TICI) <2a (n=48) >2b (n=278)

NIHSS, National Institute of Health Stroke Scale; TICI, thrombolysis in cerebral infarction scale.
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(48.6%) patients were treated with a simple or double micro-
catheter technique, 157/327 (48.0%) by a balloon or stent-as-
sisted technique, and 11/327 (3.4%) by using a flow diverter.
Of the 327 patients, we had 14 (4.3%) cases of peri-procedur-
al complications. Results of radiation doses and fluoroscopy
time are illustrated in Tables 1 and 3. In aneurysmal embo-
lization, the mean DAP+standard deviation was 151.0+96.8
Gy-cm? for DAP, 2,622.842,110.7 mGy for CAK, 45.8+30.7 min-
utes for FT, and 803.7+540.0 frames for angiographic image
frames. The third quartiles, which may be set as a DRL, were
1999 Gy-cm? for DAP, and 3458.7 mGy for cumulative air ker-
ma, 57.3 minutes for fluoroscopy times, and 1,000 for number
of image frames.

Table 5. DAP, AK, fluroscopy time regarding mechanical thrombolysis

Pairwise comparison of mean DAP between different
sex groups reached statistical significance (P<0.05; Table 3).
Concerning aneurysm location, mean DAP, air-kerma (AK),
and FT values did not show statistical significant difference
(P>0.05; Table 3). Concerning the presence or absence of
peri-procedural complications, pairwise comparisons of
mean DAP, AK, and FT groups were significantly different
(P<0.05; Table 3). The mean DAP of the simple (or dou-
ble) microcatheter technique was 143.3+94.88 Gy»cmz,
160.7+99.7 Gy-cm2 for assisted (balloon or stent) technique,
and 125.5+72.1 mGy for flow diverter. Pairwise comparisons
of mean DAP between the 3 groups did not reach statistical
significance.

Variable Mean DAP (Gy-cm?) AK (MGy) FT (min)
Sex
Male (n=186) 190+124 1,342+948 332425
Female (n=140) 1514116 1,118+892 36.9+29.4
P-value 0.006" 0.04" 0.245
Occlusion site
Anterior (n=283) 174+ 114 1,244+883 34.9+26.7
Posterior (n=43) 192+146 1,385+1,125 36.0+24.3
P-value 0.345 0.343 0.799
Result of recanalization
<TICI 2a (n=48) 1774120 1,246:£904 3434263
>TICl 2b (n=278) 1704109 1,358+998 39.8+26.2
P-value 0.725 0433 0.178
Number of device passage
1 128+77 875+560 24417
2 179+114 1,197+766 35425
>3 2364137 1,806+1,103 49+30
P-value 1vs.2: P=0.004" 1vs.2:P=0018" 1vs. 2: P=0.005"
1vs. >3: P=0.000" 1vs. >3: P=0.000" 1vs. >3: P=0.000"
2 vs.>3: P=0001" 2 vs. >3: P=0.000" 2 vs. >3: P=0.000"
Technique
Aspiration (A) 1324118 866641 2434225
Stentriever (S) 1684102 1,188+759 3024216
Combined (C) 208+123 1,558+1,067 4541284
P-value Avs. S:P=0.09 Avs. S P=0.034" Avs.S:P=0.243
Avs. C: P=0.00" Avs. C:P=0.003" S vs. C: P=0.000"
Svs.C:P=0.019" Svs. C: P=0.00" Avs. C: P=0.000"

DAP, dose-area product; AK, air-kerma; FT, fluoroscopic time; TICl, thrombolysis in cerebral infarction scale.

"Remained significant.

https://doi.org/10.5469/neuroint.2021.00437
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Radiation Dose for Stroke Thrombolysis

Patient characteristics are summarized in Table 4. A total of
326 patients received mechanical thrombectomy, with 140
(42.9%) males and 186 (57.1%) females. The mean age was
70.8 years old. The median NIHSS was 13, range between
2 and 40. Out of the 326 thrombectomized patients, 283
(86.8%) cases developed in the anterior circulation and 43
(13.2%) in the posterior circulation. Regarding the throm-
bolysis technique, 80/326 (24.5%) patients were treated by
an aspiration technique, 113/326 (34.7%) by a stentriver, and
133/326 (40.8%) by a combination technique. Of the 326 pa-
tients, we had 278 (85.3%) cases of successful recanalization
(greater than thrombolysis in cerebral infarction scale grade
2b). The trial number of device passage for thrombectomy
were as follows:; once (139 cases, 42%), twice (77 cases, 24%),
and more than 3 times (110 cases, 34%), respectively.

Results of radiation doses and fluoroscopy times are illus-
trated in Tables 1 and 5. In stroke thrombolysis, the mean
DAP+standard deviation was 176.2+118.7 Gy-cm2 for DAP,
1,263.5+918.2 mGy for CAK, 35.1426.4 minutes for FT, and
630.24+619.0 frames for angiographic image frames. The third
quartiles, which may be set as a DRL, were 225.1 Gy-cm2 for
DAP, 1,590 mGy for cumulative air kerma, 44.7 minutes for
fluoroscopy times, and 800 for number of image frames.

Pairwise comparison of mean DAP, AK between different
sex groups reached statistical significance (P<0.05; Table 5).

Vol. 16, No. 3, November 2021

Concerning the occlusion site and result of successful re-
canalization, mean DAP, AK, and FT values did not show
statistical significant difference (P>0.05; Table 5). Concerning
the trial number of device passage, pairwise comparison of
mean DAP, AK, and FT between groups were significantly dif-
ferent for all variables (P<0.05; Table 5). Pairwise comparision
of different thrombolysis technique groups reached statisti-
cal significance in terms of mean DAP, AK, and FT, especially
between aspiration and combined technique or between
stentriever and combined technique groups.

Radiation Dose for AVM Embolization
Patient characteristics are summarized in Table 6. A total of
78 AVM cases were treated, 42 (53%) were male and 36 (47%)
were female. The mean age was 40.6 years old. The median
size of AVM nidus was 2.5 cm, ranging from 0.8 cm to 6.1 cm.
Out of the 78 patients, 59 (75.6%) AVM procedures were
performed at the anterior circulation and 19 (24.4%) at the
posterior circulation. Regarding the purpose of embolization
of AVM, 22 (28.2%) patients were treated before operative re-
section, 21 (26.9%) patients before or after radiosurgery, and
35 (44.9%) patients for complete cure. Spetzler—-Martin grades
of pre-embolization were | in 18 cases (23%), Il in 36 (46 %),
I1in 18 (23%), IV in 5 (6%), and V'in 1 (1%), respectively.

Results of radiation doses and fluoroscopy time are illus-
trated in Tables 1 and 7. In AVYM embolization, the mean

Table 6. Characteristics of 78 patients with AVM undergoing embolization

Variable

Value

Age, mean (range)
Sex
Male (n=42)
Female (n=36)
Size of AYM Nidus, median (range)
Spetzler-Martin grade
1

AW N

Preoperative
Pre radiosurgery

Curative

Anterior circulation (n=59)

406y (6-80)

53%
47%
2.5cm (0.8-6.1 cm)

n=18

n=36

n=18
n=>5
n=1

Posterior circulation (n=19)

19 3
16 5
24 11

AVM, arteriovenous malformation.
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DAP+standard deviation was 300.1+184.2 Gy»cm2 for DAP,
3,673.8+2,923.0 mGy for CAK, 77.2450.1 minutes for FT, and
1,293.8+1,061.6 frames for angiographic image frames. The
third quartiles, which may be set as a DRL, were 412.3 Gy‘cm2
for DAP, 4,447.8 mGy for cumulative air kerma, 99.3 minutes
for fluoroscopy times, and 1,621.3 for number of image
frames.

Pairwise comparison of mean DAP and AK between differ-
ent sex groups did not reach statistical significance (P>0.05).
Concerning the AVM location, mean DAP, AK, and FT values
did not show statistical significant difference (P>0.05). Con-
cerning the size of the nidus, pairwise comparison of mean
DAP, AK, and FT between groups did not reach statistical sig-
nificance (P>0.05). Concerning the purpose of embolization,
pairwise comparison between groups revealed statistical
significance in terms of mean DAP, AK, and FT. Radiation dose
tended to increase in the curative embolization group.

Table 7. DAP, AK, and fluoroscopy time regarding AVM embolization

DISCUSSION

Neurointerventional procedures are increasingly used. Due
to the complexities of the cerebrovascular anatomy and the
procedures themselves, these procedures often require a
long time to perform. With more and more complex proce-
dures, radiation dose for patients is an important issue. As a
tool for optimization and quality improvement of practices,
the need for establishing and monitoring radiation doses for
neurointerventional procedures is obvious.

According to the ICRP 135 publication,* application of
several radiation dose metrics (e.g., DAP and FT) is recom-
mended for DRL establishment of fluoroscopically guided
interventions. In this context, the DRL value is defined as the
75th percentile of the distribution of the DRL quantity, rep-
resenting a commonly calculated radiation dose metric in
neurointerventional procedures.

Variable Mean DAP (Gy-cm?) AK (mGy) FT (min)
Sex
Male (n=42) 325+199 4,182+3,356 79451
Female (n=36) 270162 3,080+2,220 75%49
P-value 0.195 0.097 0.757
Location of AVYM
Anterior (n=59) 288+175 3,636+3,065 76+48
Posterior (n=19) 337+208 3,853+2,623 78456
P-value 0.302 0.775 0.927
Size of Nidus (cm)
<3cm (A) 286+175 3,390+2,658 66+42
3-6cm (B) 339+207 4,667+3,671 100+£59
>6cm (C) 3254233 3,086+2,205 105462
P-value Avs.B:P=0.538 Avs. B: P=0.242 A vs. B: P=0.038"
Bvs. C: P=0.992 B vs. C: P=0.660 B vs. C: P=0.984
Avs. C: P=0.932 Avs. C: P=0.983 Avs.C:P=0.376
Purpose of embolization
Preoperative (O) (n=21) 296167 2,975+1,842 85+52
Pre radiosurgery (R) (n=21) 193£120 2,396+1,424 47+21
Curative (C) (n=36) 364+198 4,826+3,613 92.9+55
P-value O vs. R:P=0.140 Ovs. R P=0.774 Ovs. R:P=0.045"
Rvs. C: P=0.002" Rvs. C: P=0.005" Rvs. C: P=0.003"
Ovs. C:P=0.323 O vs. C: P=0.043" Ovs. C: P=0.843

DAP, dose-area product; AK, air-kerma; FT, fluoroscopic time; AVM, arteriovenous malformation.

"Remained significant.
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Our data showed great variability of dose levels between
categories, up to a 3.8-fold difference in median values be-
tween diagnostic cerebral angiography and AYM emboliza-
tion, mainly due to the difference in procedure complexity
and operator and institutional experience.

Table 8 shows a comparison between our results and those
published in the literature.®'* For cerebral angiography,
when comparing radiation dose with that in the available
literature, DAP, AK, and FT were found to be comparable.
While comparing the radiation dose with our previous data®
third-quartile DAP and AK values were found to be signifi-
cantly lower than the published reference (Table 8). A signif-
icant dose reduction in 5 out of 22 hospitals was attributed
to the introduction of an advanced technology system. The
dose reduction in the other 8 centers was achieved by priv-
ileging a low—dose technique (low dose fluoroscopy and
reducing the number images in DSA).

For aneurysmal embolization, when comparing radiation
dose with that in the available literature, DAP, AK, and FT
were found to be comparable. However, when comparing
radiation dose with our previous data, third-quartile DAP
and AK values were found to be significantly lower than the
published references (Table 8). While fluoroscopy time was
comparable to other studies, the number of angiographic
images was much higher.

In the present study, DAP of aneurysm treatment was not
significantly different in terms of endovascular technique and
aneurysmal location, but was associated with sex and proce-
dural complications. Application of a stent or balloon-assist-
ed technigue in more complex aneurysms yielded a higher
AK (mean 2,994 mGy) and FT (mean 51 minutes) when com-
pared with a simple catheter technique using 1 or 2 micro-
catheters (P<0.05). When we assessed the procedural factor
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contributing to increased radiation dose during aneurysmal
coiling, the occurrence of complications resulted in increased
patient dose, as additional imaging was required to treat the
complications. However, the location of an aneurysm was
not a significant factor for increased radiation dose. Acton et
al” argued that aneurysm location is the biggest determi-
nant of radiation dose during coiling procedures; therefore,
they suggested separate RLs between anterior and posterior
circulation coiling procedures. As wide variation in the RLs
for intracranial aneurysmal embolization was evident, the
results of this study highlight the need to monitor doses for
aneurysm coiling procedures in each country.

For stroke intervention, to our knowledge, this study pro-
vides the first radiation data related to mechanical throm-
bolysis in Korea. When comparing radiation dose with recent
other studies, all radiologic dose parameters for our data
were found to be higher than in other studies.*'

In the present study, DAP was not significantly different in
terms of occlusion site, result of successful recanalization, but
higher radiation dose was associated with sex, number of
device passages, and occlusion removal technique. Male pa-
tients received higher doses than female patients, although
sex was not suspected to be a factor influencing the radia-
tion dose in stroke interventions. However, we did not con-
sider the patient’s morphology, as this might be a confound-
ing factor, considering that men are generally heavier than
women. As we usually use an automatic exposure control
system for the fluoroscopic machine in most of our proce-
dures, different habitus can affect the dose production set-
ting to maintain image brightness controlled by automatic
exposure algorithms. While the number of attempts required
to remove a thrombus is known to reflect the complexity
of the procedure, this parameter proved to be the most sig-

Table 8. Comparison of 3rd quartile values from this study with other international studies

This study Other studies
DAP AK FT N DAP AK FT N
Gy-cm?)  (mGy)  (min) (Gy-cm?) (MmGy) (min)
Cerebral angiography 101 711 13 637 90% 107°,144°%  630'°, 9218 11101289 2878 390'°,
550°
Aneurysm embolization 200 3458 57 1,000 189'° 2718, 2,770'°, 44718 58'° 658,902 567°1,080',
349" 4,750 1,350'2
Stroke thrombolysis 225 1,590 45 800 148" 162'%  730'3, 854" 42 559
AVM embolization 412 4,447 99 1,621 285'° 435" 3230'° 60007 61,68,  970'° 1410"
550" 135'2

DAP, dose-area product; AK, air-kerma; FT, fluoroscopic time; NI, number of image frames; AVM, arteriovenous malformation.
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nificant factor for affecting patient dose. Although radiation
dose for a combined technique was higher than for a single
device technigue, no significant difference in dose between
aspiration and stent retriever techniques was found. These
results suggest either aspiration or stent retriever can be
used if there is no difference regarding clinical outcome for
dosimetric considerations.

The establishment of useful local RLs also requires the
inclusion of sufficient data, which can be a challenge for in-
dividual neurointerventional units. This was observed in the
setting of AVM treatment in the present study. The number
of AVM procedures performed was relatively small, and the
75th percentile DAP value was 412 Gy-cm?. When comparing
radiation dose with the available literature, a large variability
was evident."” Our results were generally comparable to oth-
er reported data.

Setting up DRLs for dose-intensive examinations involving
fluoroscopy is a difficult task due to the large variability in FT
and the number of images, leading to a wide distribution of
patient doses. Furthermore, unique institutional patterns and
operator preferences for INR procedures can cause difficulty
in making radiation dose comparisons between hospitals.'®
Nevertheless, this study indicates our values of various ra-
diation doses of INR procedures were within the range of
previous published reports and concordance of the data
with those reports. Therefore, our proposed RLs would be
valuable in comparing and monitoring radiation doses.

INR procedures show wide variety and complexity, and are
continuously progressing, so radiation dose may be higher
with complex, newer, or meticulous procedures.w7 Never-
theless, it is each practitioner’s responsibility to investigate
his or her own practice and to limit unnecessary radiation
exposure according to the ALARA (As Low as Reasonably
Achievable) principle.®'

This study has limitations. First, we collected retrospective
registry data even though we designed a prospective study
without controlling for potential sources of bias. Second, our
data did not include information on the patient’s body mass
index or factors that determine the complexity of various
procedures. However, previous studies have shown that the
amount of radiation for INR procedures is much more affect-
ed by procedure complexity than by patient size and weight.
Miller et al.”? considered that it is sufficient to use reference
levels that have not been corrected for patient body habitus.
Third, we did not evaluate the complexity of the various neu-
rointerventional procedures. Further investigation with larger

https://doi.org/10.5469/neuroint.2021.00437

populations and prospective evaluation is clearly warranted
in order to validate our results.

CONCLUSION

In this study, patient radiation exposure was collected and
analyzed for various neurointerventional procedures of
varying complexities and found to be comparable to the
published literature. Various dose reference levels introduced
in this study promote the optimization of patient doses in
diagnostic and therapeutic INR procedures. Proposed third
quartile DAP (Gy~cm2) values were 101.6 for diagnostic cere-
bral angiography, 1999 for aneurysm coiling, 225.1 for stroke
thrombolysis, and 412.3 for AYM embolization. Continual
evolution of practices and technologies requires regular up-
dates of reference levels.
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