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Purpose: We applied a low-dose fluoroscopic protocol in routine diagnostic cerebral angiog-
raphy and evaluated the feasibility of the protocol.

Materials and Methods: \We retrospectively reviewed a total of 60 patients who underwent
diagnostic cerebral angiography for various neurovascular diseases from September to Novem-
ber 2019. Routine protocols were used for patients in the first phase and low-dose protocols in
the second phase. We compared radiation dose, fluoroscopy time, and complications between
groups.

Results: Age, diseases, and operators were not significantly different between the two groups.
The mean fluoroscopy dose significantly decreased by 52% in the low-dose group (3.09 vs. 6.38
Gy-cm?); however, the total dose was not significantly different between the two groups (34.07
vs. 33.70 Gy-cm?). The total fluoroscopic time was slightly longer in the low-dose group, but the
difference was not statistically significant (12.2. vs. 12.5 minutes). In all patients, angiography
was successfully performed without complications.

Conclusion: The low-dose fluoroscopy protocol is feasible to apply for diagnostic cerebral
angiography in that this protocol could significantly reduce the fluoroscopic dose.
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INTRODUCTION

cerebral angiography and embolization
procedures is one of the lowest among

Despite the development of non-in-
vasive modalities such as computed
tomography and magnetic resonance
imaging, diagnostic cerebral angiogra-
phy remains essential for the diagnosis
of many neurovascular diseases. We
have been continuously applying ef-
forts to lower the radiation dose in our
hospital’s neuroangiography suite."?
According to a previous multi-center
study, our level of radiation dose during

the hospitals in Korea.® However, we be-
lieve that there is still scope for further
dose reduction, which is attributed to
fluoroscopy.

Although several studies of low-dose
protocols for digital subtraction angi-
ography (DSA) and three-dimensional
rotational angiography (3D-RA) in cere-
bral angiography have been conducted,
there have been few studies of fluoro-
scopic protocols due to their relatively
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low proportion in total radiation dose and the difficulty in
evaluating image quality*"" In the case of cardiac interven-
tion, where fluoroscopy plays a main role, various protocols
have been investigated to achieve a reduction in fluoroscop-
ic dose, including the effects of detector entrance dose (DED),
frame rate, copper filter, peak kilovoltage (kVp), pulse width,
focal spot size, and fluoroscopy time limitation.”"> Most of
these studies have concluded that radiation dose could be
reduced without complications or procedural delays.

In our angiography suite, therefore, several low-dose pro-
tocols for fluoroscopy have been applied to achieve a reduc-
tion in radiation exposure, including a limitation of DED or
kVp and adding a copper filter in routine diagnostic cerebral
angiography. Among the factors, we decided to lower the
DED for this study. The reason was that the evaluation of
fluoroscopic image quality was not clear enough to discrim-
inate between the merits and demerits of several different
factors. Also, it was difficult to optimize them.

The aim was to prove that applying a low-dose fluoroscop-
ic protocol leads to a significant reduction of fluoroscopic
dose and total radiation dose during routine diagnostic
cerebral angiography without procedural prolongation or
compromising patients’ safety.

MATERIALS AND METHODS

Patients

We applied low-dose fluoroscopic protocols for diagnostic
cerebral angiography in one of our angiography rooms since
October 2019 as part of quality control activity for radiation
dose and image quality. In this retrospective study, we in-
cluded 30 consecutive patients who underwent diagnostic
cerebral angiography with the low-dose protocols for vari-
ous cerebrovascular diseases between October and Novem-
ber 2019. Additionally, we included 30 consecutive patients
as a control group who were examined using the routine
protocol in September 2019. We excluded patients who
underwent spinal angiography, pediatric patients (aged <18
years), patients who had a high-density prosthesis (gamma
knife frame or embolic material) in the head, and patients for
whom the radiation dose reports were unavailable. The Asan
Medical Center Institutional Review Board approved this
study (approval number: 2020-0418) and waived the require-
ment to obtain written, informed consent from patients.
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Imaging equipment and protocols

All angiography data were obtained using a biplane angi-
ography machine (Artis Zee; Siemens, Forchheim, Germany).
The DED for DSA was 1.82 uGy/frame. We used variable DSA
frames per second (f/s) containing 4 phases (phase 1: 2 f/s for
1's; phase 2: 2 f/s for 1 second, phase 3: 1 /s for 2 seconds,
phase 4: 0.5 /s for the remainder of the acquisition, up to 40
seconds). The DED for 3D-RA was 0.24 uGy/frame. Copper
filters were automatically applied in the range of 0.1 to 0.3
mm for fluoroscopy and DSA and not applied for 3D-RA. The
focal spot size was 0.3 mm (micro) for DSA and fluoroscopy
and 04 mm (small) for 3D-RA. The Garm angles, table posi-
tion, collimation, magnification, and source—-image distance,
which may affect the radiation dose, were determined at
the discretion of the operator under the basic rules of the “as
low as reasonably achievable” principle. The frame rate for
fluoroscopy was set to a standard of 7.5 /5. The kVp, milliam-
pere (MA), pulse width, and copper filter were automatically
determined by the angiographic system in the fixed routine
protocol.

The low-dose fluoroscopic protocols were generated by
stepping down from a routine DED of 23 nGy per pulse (nGy/p)
to 18, 15, 12, 10, and 8 nGy/p for fluoroscopy and 36 nGy/p
to 28, 23, 18, 15, and 12 nGy/p for roadmap imaging. The
examination was initiated at a minimum of 8 nGy/p (road-
map 12 nGy/p), and the operator was permitted to choose
a higher DED when any difficulties were encountered in the
procedure (Fig. 1).

All examinations were performed by 3 operators with 4
years (A), 1 year (B), and 2 months (C) of neurointervention
experience, respectively. Of the 30 patients in the rou-
tine-dose group, 10, 9, and 11 patients underwent exam-
inations performed by operators A, B, and C, respectively.
Among the 30 patients in the low-dose group, 15, 4, and 11
patients underwent examinations performed by operators
A, B, and C, respectively. There was no statistical difference in
this distribution.

Definitions

Radiation dose reports were reviewed for radiation dose
metrics: reference air kerma (Ka,r in mGy) and kerma-area
product (PKA in Gy-cm2), fluoroscopic time, and the number
of exposures. The total radiation dose of cerebral angiogra-
phy consists of 3 items presented in the dose report: fluo-
roscopy, DSA, and 3D-RA. The fluoroscopic dose is the sum
of the radiation dose during the use of fluoroscopy. DSA and
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Fig. 1. Visual comparison between low-dose and routine-dose protocols. Fluoroscopic still images in biplane views are shown in the same patient
during left internal cerebral artery selection. A 5-French catheter and a 0.032-inch guidewire were used. The tips of the catheter (thick arrows) and
guidewire (thin arrows) are visualized in both protocols. (A, C) Low-dose protocol (8 nGy/pulse); (B, D) Routine dose protocol (23 nGy/pulse).

3D-RA dose are the radiation doses of 2-dimensional (2D)
and 3D rotational acquisitions, respectively. We analyzed
each item and the total between the 2 groups. Fluoroscop-
ic time is the total time of fluoroscopy, also known as the
“pedal time” or the time during which the operator presses
the fluoroscopy pedal. The number of exposures is the com-
bined number of 2D and 3D acquisitions, and it counts as 2
for biplane 2D DSA run, and 2 for 3D DSA mode (2 rotations
without and with a contrast agent, sequentially).

Cerebral angiography

We routinely used the femoral artery approach using a 4
French (F) sheath, while we used a 5-F long sheath when the
iliac artery was markedly tortuous. lliac arteriography was
not routinely performed. The routine diagnostic catheters
were 4-F Davis or Headhunter catheters initially; these were
changed to Simmons 2 catheters in cases of a type 3 aortic
arch. Using these catheters, we routinely obtained roadmap
images of the targeted neck vessels before guidewire ad-
vancement (Supplementary Videos 1-7).

Routine cerebral angiography, which consisted of bilateral
internal carotid artery (ICA) and vertebral artery angiograms,
and 3D-RA for the target lesion were performed in all pa-
tients. External carotid artery angiograms were selectively
performed for arteriovenous shunt lesions, severe intracranial
stenosis, and pre- or post-operative evaluation of bypass sur-
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gery. In cases of severe bulb stenosis or tortuous neck vessel
anatomy, common carotid artery angiograms were used
instead of ICA angiograms.

Electronic medical records were reviewed for patients’
baseline characteristics such as age and underlying disease,
number of vessels catheterized, and procedure-related com-
plications, including symptomatic thromboembolism, arteri-
al dissection, and puncture site problems.

Statistical considerations

Statistical calculations were computed using STATA version
13.0 (StataCorp LP, College Station, TX, USA). Continuous
variables were expressed as means+tstandard deviations.
Categorical variables were expressed as frequencies with
percentages. The statistical significance between dose
parameters in the low-dose and routine-dose groups was
determined using the Student’s t-test or Wilcoxon signed-
rank test (if the assumption of normality was violated on the
Shapiro-Wilk normality test) for continuous measures. Anal-
ysis of the underlying disease type and operator distribution
in each group was performed using Fisher's exact test. Pear-
son’s product-moment correlation was determined to assess
the relationship between the total fluoroscopic time and age
of the patients. A P-value <0.05 was considered to be statisti-
cally significant.
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RESULTS

The mean age of the patients was 56 years, without a sig-
nificant difference between the low-dose and routine-dose
groups. Underlying vascular diseases were divided into aneu-
rysms, stenosis, shunt lesions, tumors, and normal; there was
no significant difference between the 2 groups (Table 1).

The mean fluoroscopy dose significantly decreased by 52%
in the low-dose group compared to that in the routine-dose
group (3.09 vs. 6.38 Gy-cmz, P=0.005). This dose reduction
was more pronounced in the lateral tube than in the frontal
tube (Fig. 2). On the other hand, the average DSA and 3D-RA
doses were 8.9% and 31% higher in the low-dose group, re-
spectively; thus, the total dose was slightly higher in the low-
dose group, but there was no significant difference (34.07 vs.
33.70 Gy-cm?, P=0.88) (Fig. 3).

The mean fluoroscopic times of the frontal and lateral
tubes for each group are shown in Fig. 4. In both groups,
the frontal tube time was twice as long as the lateral tube

Table 1. Patient demographics and procedural data
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time. In the low-dose group, the mean frontal tube time was
slightly longer, whereas the lateral tube time was shorter.
Overall, the total fluoroscopic time was slightly longer in the
low-dose group (12.2. vs. 12.5 minutes, P=0.65).

There was a moderate positive correlation between the
total fluoroscopic time and age (r=0401, P<0.0015) (Fig. 5). In
the subgroup analysis of patients aged older than 60 years,
the mean fluoroscopic time (124 vs. 79 minutes) and dose
(5.73 vs.3.87 Gy-cm2) increased by 50% compared to those in
patients aged younger than 60 years. The proportion of the
fluoroscopy increased to up to 23% of the total dose in the
routine-dose group and 11% in the low-dose group, which
were 14% and 7% in young patients, respectively.

As a result, cerebral angiography was successfully per-
formed in all patients included in the study. Of the 2 patients
in the low-dose group, the DED increased from 8 nGy/p to
12 nGy/p at the discretion of the operator during catheteriza-
tion in the aortic arch. There were no complications associat-
ed with the procedure in all patients.

Protocol Low dose (n=30) Routine (n=30) P-value
Age (y) 5744137 546+1538 0.45%
Underlying diseases 0.28"
Aneurysm 15 (50.0 17 (56.7)
Stenosis 9 (30.0) 5(16.7)
Shunt lesion 0(0.0) 3(10)
Tumor 5(16.7) 5(16.7)
Normal 1(3.3) 0(0.0)
Number of vessels 46+1.9 47414 0.75*
Number of exposures 104+3.1 10.1+£2.3 0.71%
Total fluoroscopic time (min) 10.245.1 9.845.1 065"
Radiation dose
Fluoroscopy (DAP, uGym?) 309+183.7 638.4+390.5 0.005"
Fluoroscopy (AK, mGy) 26+14.6 55.5+33.7 0.005"
DSA (DAP, uGym?) 2355449108 2,163.24779.1 033!
DSA (AK, mGy) 149.1+£57.2 139.6+47.1 0.49*
3D-RA (DAP, uGymz) 742.6+521.2 568.1£326.2 0.12*
3D-RA (AK, mGy) 80.6+57.1 61.8+35.9 0.13*
Total (DAP, uGym?) 3,407+888.6 3,369.7+1,039.8 0.88*
Total (AK, mGy) 255.6+70.1 256.9467.5 0.94*

Data are presented as mean+standard deviation or number (%).
DAP, dose area product; AK, air kerma; DSA, digital subtraction angiography; 3D-RA, three-dimensional rotational angiography.
*t-test or "Wilcoxon rank-sum test for continuous measures. *Fisher's exact test for categorical variables.
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DISCUSSION

In this patient study, the use of low-dose fluoroscopy proto-
cols in cerebral angiography demonstrated a reduction in
fluoroscopic dose by almost half. In addition, the examina-
tion was completed without a prolonged fluoroscopy time
or complications associated with the procedure.

The application of the low-dose fluoroscopy protocol did
not result in a significant total dose reduction in this study.
This is mainly due to the relatively low proportion (18.9%) of
fluoroscopy in diagnostic cerebral angiography in our study.
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Fig. 2. Box plots of fluoroscopic dose (kerma-area product) between
routine and low dose groups for each tube. The top of the box rep-
resents the 75th percentile, the bottom of the box represents the 25th
percentile, and the line in the middle represents the 50th percentile.
The whiskers represent the highest and lowest values that are not out-
liers or extreme values. Circles beyond the whiskers represent outliers
and extreme values.
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Fig. 3. Total radiation dose comparison and composition. PKA, ker-
ma-area product; DSA, digital subtraction angiography; 3D, three-di-
mensional.
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Another reason was that increased 3D-RA and DSA doses
outweighed the reduction of fluoroscopic dose in the low-
dose group. If other conditions were the same, about a 10%
total dose reduction would be expected.

Fluoroscopy time is not the only factor directly associated
with fluoroscopy dose but can also be a result of low-dose
protocols; for example, a longer fluoroscopy time may be the
effect of poor image quality. In the low-dose group in our
study, the observation of slight increases in frontal fluoros-
copy time and stepping up of the DED in 2 patients during
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Fig. 4. Box plots of fluoroscopic time between routine and low dose
groups for each tube. The top of the box represents the 75th percen-
tile, the bottom of the box represents the 25th percentile, and the line
in the middle represents the 50th percentile. The whiskers represent
the highest and lowest values that are not outliers or extreme values.
Circles beyond the whiskers represent outliers and extreme values.
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Fig. 5. Scatter plot of the fluoroscopic time and age of the patients
showing the best-fit simple regression line. The red circle indicates
the routine group (n=30), and the blue triangle indicates the low dose
group (n=30). The solid line is the linear regression line for the entire

group.
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aortic arch vessel selection may raise concerns about image
quality, especially in the chest. However, there was no signifi-
cant increase in fluoroscopy time due to the use of low-dose
protocols in this study.

The positive correlation between the patient’s age and
fluoroscopy time was likely due to a longer catheter manip-
ulation time as the neck vessels become tortuous with age.
A similar trend was observed in a study that applied a dose
reduction strategy during cerebral angiography wherein the
total fluoroscopic times were 5.8 minutes for patients aged
younger than 50 years and 9.5 minutes for patients aged
older than 50 years.6 Therefore, the effect of the low-dose
protocol is expected to be relatively high in elderly patients.

The strength of this study is that no previous study has
focused on fluoroscopy in the neurovascular field. Although
the low-dose fluoroscopic protocol in diagnostic cerebral
angiography did not result in a great clinical significance,
it may be meaningful if applied to complex neurovascular
procedures such as embolization of brain arteriovenous mal-
formations (AVM) or dural arteriovenous fistulas, which are
associated with a high proportion of performing fluorosco-
py. Of course, the image quality required for the procedure
should be better than that of angiography, but according to
a previous study using a low-dose fluoroscopic protocol for
peripheral AVM, the image quality was satisfactory and the
dose decreased by more than 80%.° As for the neurovascu-
lar procedure, further research will be needed on a low-dose
protocol with a good balance of image quality and dose.

There are several limitations to this study. First, the image
quality of the low-dose protocol was not evaluated. The
reason is that, unlike DSA, which is generally assessed by still
images, fluoroscopy should be evaluated by viewing the vid-
eo, which is challenging to be done reliably and objectively.
Instead, the fluoroscopic time and the incidence of com-
plications determined the adequacy of the image quality
indirectly. Second, due to difficulty in optimizing parameters
that interact with each other, such as kVp and a copper filter,
they could not be adjusted together. Further studies with
phantoms or collaborations with the vendor may be able to
accomplish this. Lastly, there was an imbalance in the oper-
ator distribution, 3D-RA dose, and DSA dose between the
groups due to the retrospective design. A prospective study
with well-matched groups would more clearly elucidate the
effect of low-dose fluoroscopy protocols on the total radia-
tion dose.
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CONCLUSION

A low-dose fluoroscopy protocol was effective and safe in
reducing fluoroscopic doses in diagnostic cerebral angiogra-
phy. Although the low-dose fluoroscopy protocol alone did
not result in a significant reduction in total dose, it may be
helpful for further dose reduction when used with low-dose
DSA or 3D protocols. It may also be effective in the elderly or
in patients with tortuous anatomy who require longer fluo-
roscopy time.

SUPPLEMENTARY MATERIALS

Supplementary materials related to this article can be found
online at https:/doi.org/10.5469/neuroint.2020.00129.
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