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PURPOSE: To limit the side effects of interventional neuroradiologic radiation, such as epilation, by
applying a technique involving tube position rotation and by adding a supplemental inexpensive
primary beam filter; and to show the dose effect of modifying technical factors. METHODS:
Combined skin dose from fluoroscopy and digital subtraction angiography was measured with an
array of 16 thermoluminescent dosimeters during interventional neuroradiologic procedures in 12
control subjects, in 18 patients whose procedures included addition of an inexpensive primary
beam filter (0.5 mm aluminum/0.076 mm copper), and in 10 patients in whom the tube position
was rotated, additional primary beam filtration was used, and close attention was paid to technique.
RESULTS: Maximum thermoluminescent dosimetric measurements obtained with existing ma-
chine filtration ranged from 0.31 to 2.70 Gy in the control group (mean, 1.51 6 0.88); 0.25 to 2.42
Gy in the group with additional filtration alone (mean 0.96 6 0.64; average dose reduction, 36%);
and 0.13 to 1.23 Gy in the group with additional filtration, tube position rotation, and close attention
to technique (mean, 0.58 6 0.34; average dose reduction, 63%). Differences were statistically
significant. CONCLUSIONS: Greater than 50% skin dose reductions were documented during
interventional neuroradiologic procedures by combining tube position rotation, supplemental pri-
mary beam filtration, and technical modifications.
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The Food and Drug Administration has re-
cently directed its attention to the radiation-
induced skin injuries patients can receive during
the course of interventional radiologic proce-
dures (1, 2). Doses high enough to result in
erythema, desquamation, and temporary and
permanent hair loss have been documented (3–
10). Recent attention has been directed to radi-
ation doses seen in neuroangiographic and neu-
rointerventional procedures (10–13). Many
methods are available by which the radiation
dose received during interventional neuroradio-
logic procedures can be reduced. Such tech-
niques as close collimation, decreased tube-
source air gap, maximization of road mapping,
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and use of supplemental primary beam filtration
have been known for a long time; however,
these procedures have not been formally eval-
uated for interventional radiologic or neurora-
diologic application. We sought to document
the amount of dose reduction obtained with the
use of some of these techniques and to apply
a dose-reducing technique of tube position
rotation.
General dose-reduction measures include

regulating maximum entrance exposure rate,
minimizing high-level fluoroscopy, altering
beam hardness by using supplemental beam
filtration, and using machine accessories such
as pulse-progressive fluoroscopy and image
hold features (3, 10, 11, 14–16). Additional
modifiable variables include grid manipulation
and video chain modifications (3, 14). Supple-
mental beam filtration has been discussed as a
general method to decrease radiation dose, al-
though it has not been previously investigated
for specific interventional radiologic applica-
tions (15, 16). Despite the lack of specific sci-



entific literature supporting interventional radio-
logic applications, commercially available
machines are being marketed with increasing
amounts of available primary beam filtration.
Operator-dependent variables have been dis-

cussed as an important means of minimizing
dose; examples include conscious reduction of
fluoroscopic time, modification of beam geom-
etry and scattered radiation achieved by closely
collimating the field and placing the image in-
tensifier close to the imaged object, and careful
minimization of biplane fluoroscopic overlap (3,
17). However, there has been little in vivo doc-
umentation of the dose reductions that these
techniques produce with interventional radio-
logic applications.
Interventional neuroradiologic procedures

are used to treat surgically inaccessible lesions,
to improve traditional treatment methods
through decreased morbidity and mortality, or
to improve the chance for cure with traditional
treatment. Nine (10%) of 87 patients treated in
a 2-year period at our institution had temporary
or long-standing scalp epilation, presumably as
a result of skin doses accrued during inter-
ventional neuroradiologic procedures. We are
not aware of any large-scale studies that have
explored the prevalence of temporary or perma-
nent scalp epilation resulting from interven-
tional neuroradiologic procedures, and there-
fore we are unable to compare our findings with
a documented or accepted mean.
We believe that the radiation dose received

by patients during interventional neuroradio-
logic procedures should be significantly de-
creased. To this end, we evaluated the maxi-
mum radiation-induced skin doses delivered in
our practice during interventional neuroradio-
logic procedures and documented decreases in
skin dose attained with the use of a previously
undescribed method of tube rotation, inexpen-
sive supplemental primary beam filtration, and
attention to other technical parameters.

Materials and Methods
The clinical portion of this study was performed in three

parts. In the first part, 12 patients were studied for skin
dose levels and dose distributions; in the second part, 18
patients were studied for dose reductions after supplemen-
tal filtration, and in the third part, 10 patients were studied
for dose reductions after supplemental filtration and tech-
nique modifications were made on a General Electric DF
5000 LU unit (GE Systems, Milwaukee, Wis). In each of
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the groups of patients, a variety of interventional neurora-
diologic procedures were used.

Sixteen thermoluminescent dosimeters (TLDs) were
placed, two at each of eight circumferential sites, around
each patient’s head to measure site-specific skin doses.
These TLD sites were spaced at even intervals on a stock-
inette headband with the first site centered on the forehead
during each treatment session. The TLDs were polytef
disks impregnated with lithium fluoride, measuring 12.4
mm in diameter and 0.4 mm in thickness (Teledyne Inc.,
Westwood, NJ). The TLDs were calibrated with cobalt-60,
and calibration was corrected by a factor of 0.83, since
lithium fluoride overresponds to low-energy x-rays (18).
The calibration accuracy of the TLDs was 65%, single
standard deviation. The dynamic dose range for the TLDs
was 0.20 mGy to 1000.01 Gy, and although the full dy-
namic range of our TLDs was not tested, calibration testing
of sample TLDs was performed to ascertain accuracy of
epilation level doses.

The number of digital subtraction angiograms obtained
was recorded, as was fluoroscopy time for each procedure.
The dosimeter measurements were compared with TLD
sites and exposure times. The parameters evaluated for
each patient included fluoroscopy time in minutes and
number of digital subtraction angiograms in milliampere-
minutes (mAzm).

In the first portion of the study, skin dose levels and
dose distributions were evaluated in 12 consecutive pa-
tients undergoing interventional neuroradiologic proce-
dures. These 12 patients included eight males and four
females, 8 to 55 years old (mean age, 34 years). Proce-
dures included embolization of an arteriovenous malfor-
mation (n 5 8), venous sinus stenting (n 5 2), aneurysm
coiling (n 5 1), and superselective angiography (n 5 1).
The baseline technique used to control radiation dose con-
centrated on minimizing fluoroscopy time and using max-
imum primary beam collimation. Machine set-up param-
eters were not altered in this part of the study.

Possible supplemental beam filtration dose effects were
evaluated with a pressed wood phantom. The wood phan-
tom had a measured density of 0.70 g/cm3 and was con-
structed from seven 1.8-cm-thick pressed wood sheets.
An operational ionization chamber was used for the atten-
uation measurements (Keithly model 35055 with ioniza-
tion chamber model 96020A, Cleveland, Ohio). The op-
erational instrument measurements were compared with a
reference ionization chamber (Radcal model 2025 with
ionization chamber model 20X5-3, Monrovia, Calif). Ion-
ization chamber measurements were made at a source
image distance of 50 cm and machine parameters for
phantom evaluation were manual mode at 10 kV(p) and
50 mA, similar to settings chosen for interventional neu-
roradiologic applications. Attenuation measurements were
repeated for each of three evaluated supplemental beam
filters, in addition to measurements obtained for the exist-
ing 3.0 mm of aluminum machine filtration. The three
individually tested supplemental filters were chosen on the
basis of results and materials investigated for previously
published supplemental filtration applications (15, 16) or
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materials chosen for commercial marketplace introduc-
tion by manufacturers of angiographic equipment. The
three chosen filters included 0.5 mm aluminum per 0.076
mm copper, 0.5 mm aluminum per 0.152 mm copper, and
0.5 mm aluminum per 0.125 mm tantalum. These mea-
surements allowed us to choose a filter that optimally
reduced skin dose but did not significantly reduce the
8-cm depth dose and therefore did not adversely affect
image quality. An 8-cm depth dose was chosen to approx-
imate the center of the calvaria.

Filter selection also included subjective evaluation of
filter effects by interventional neuroradiologists. During
each of three interventional procedures (before the dosim-
etry portion of the study), the three supplemental filters
were inserted into the tube-mounted filter receiver for vi-
sual evaluation of six specific items, namely, two different
microcatheters including flow- and guidewire-directed
samples (discussed below), a microguidewire, quality of
intravascular manual injection of contrast material, bone
detail, and background noise. Two microcatheters were
evaluated for ease of visualization of the distal tip markers
of, first, a 0.018-in guidewire-directed microcatheter (Tar-
get, Inc; Fremont, Calif) and, second, a standard model
flow-directed microcatheter (Balt, Inc; Montmorency,
France). The 0.016-in Seeker microguidewire (Target, Inc;
Fremont, Calif) was evaluated for ease with which body
and tip portions were seen. The intravascular contrast
material was evaluated for visibility and dynamic fluoro-
scopic tracking of a manually injected bolus of 1 mL of
nonionic radiopaque contrast material diluted to a concen-
tration of 150 mg I/mL, injected at a customary rate of 0.5
mL/s through the flow-directed and microguidewire-di-
rected microcatheters. Bone was evaluated by visibility of
calvarial and petrous landmarks used during intracranial
microangiography, and the background noise was as-
sessed by subjective effects of varying background noise
seen with each of the supplemental filters.

In the second portion of the study, skin dose levels were
evaluated in 18 patients with TLDs during interventional
neuroradiologic procedures with the use of an additional
beam filtration (0.5 mm aluminum per 0.076 mm copper).
This filter was constructed by taping together two 5-in
square sheets of elemental metal (Alcoa of Northern Cal-
ifornia) at a total unit cost of 24 cents. These 18 patients
included 11 male and 7 female subjects, 15 to 75 years old
(mean age, 38 years). Procedures performed included em-
bolization of an arteriovenous malformation (n 5 10), em-
bolization of a carotid-cavernous fistula (n 5 3), emboli-
zation of a meningioma (n 5 2), and superselective
angiography (n 5 3). This patient population was consid-
ered equivalent to the first group in terms of case compo-
sition. Maximum TLD measurements with additional filtra-
tion were determined for each patient. As with the previous
clinical portion of the study, fluoroscopy time was mini-
mized and tight collimation was used but machine param-
eters were not specifically altered.

In the third part of the study, the same added beam
filtration was used as in the second part. After analyzing
the batch data obtained from the second group of patients,
we presumed that machine set-up was independently af-
fecting skin dose measurements. The fluoroscopic boost
factor was set to the nonboosted minimum and the digital
subtraction angiography (DSA) differential gain was set at
B. These machine values were arrived at after conducting
an in vitro evaluation that we thought was necessary at this
juncture.

In vitro fluoroscopic boost and DSA gain dose evalua-
tions were done independently. An operational ionization
chamber was used for these measurements (Keithly model
35055 with ionization chamber model 96020A, Cleveland
Ohio). The operational instrument measurements were
compared with a reference ionization chamber (Radcal
model 2025 with ionization chamber model 20X5-3, Mon-
rovia, Calif). Ionization chamber measurements were ob-
tained at a source image distance of 50 cm. On this unit,
the operator-controlled fluoroscopic setting hardkeys are
denoted small r for nonboosted, medium r, and large r for
the two increasing boosted stations.

In addition to controlling the fluoroscopic boost and
DSA differential gain settings, we also modified the posi-
tion of the x-ray tube and image intensifier. Analysis of
circumferential TLD data from the first and second groups
of patients was performed at this time and showed mark-
edly asymmetric skin doses when opposite sides of the
calvaria were compared in both groups. The marked
asymmetry led us to believe that by paying careful atten-
tion to patient and tube placement we could achieve a
reduction in skin dose. Amore symmetric dose was sought
by reversing the location of the x-ray tube and image
intensifier at 5-minute fixed intervals. An arbitrary interval
of 5 minutes was chosen because it corresponded to the
auditory fluoroscopy timer interval, and the procedure
nurse documented tube rotations at the 5-minute intervals.
Rotation of the tube and image intensifier to different po-
sitions every several minutes would result in a more even
skin dose distribution (see “Discussion”).

Ten patients were studied in the third portion of our
investigation. This group included seven male and three
female subjects, 10 to 86 years old (mean age, 46 years).
The procedures performed in these patients included em-
bolization of an arteriovenous malformation (n 5 6), em-
bolization of an arteriovenous fistula (n 5 1), balloon test
occlusion (n 5 1), and superselective angiography (n 5
2). The three clinically evaluated groups were of similar
relative composition, including a majority of patients re-
quiring embolization of adhesive arteriovenous malforma-
tions and a mixture of patients being treated by means of
simple subselective catheterization, and miscellaneous in-
terventional neuroradiologic procedures, including stent-
ings, coilings, and non–arteriovenous malformation partic-
ulate embolotherapy. We thought it would be valuable to
assess any clinical attempts at dose reduction in the con-
text of a variety and range of procedures typically per-
formed by an interventional neuroradiologic service rather
than to restrict the entry criteria and potentially bias the
application of the evaluated dose-reduction techniques.
Maximum TLD measurements after additional filtration



and careful machine set-up were determined for each
patient.

We used linear regression analysis and correlation co-
efficients to compare the maximum doses in groups 1, 2,
and 3. We chose to evaluate primarily the maximum dose
rather than the integral dose, since we thought that any
percentage decrease of the maximum dose would be more
easily appreciated than a similar percentage decrease of
the integral dose. We were also interested in our ability to
decrease specifically the demonstrated higher-level
threshold doses, such as those causing epilation and ery-
thema. Data from the subjects in all phases of the study
were evaluated in terms of the largest dose measured for
each procedure.

Results

Table 1 shows the times for fluoroscopy and
DSA along with maximum TLD measurements
for the 12 patients in the first portion of the
study (the control group). Maximum TLD mea-
surements for the 12 control subjects ranged
from 0.31 to 2.70 Gy (mean, 1.51 6 0.88). TLD
measurements were highest in the temporal
(mean, 1.18 Gy) and the occipital (mean, 1.29
Gy) regions.
For evaluation of the pressed wood phantom

filter, surface dose reduction and 8-cm reduc-
tion of depth dose were calculated for each of
the supplemental filters and compared with the
filter normally used in the machine (ie, 3.0 mm
aluminum). The filter of 0.5 mm aluminum per
0.076 mm copper produced a reduction of 23%
in depth dose and 44% in surface dose. The filter
of 0.5 mm aluminum per 0.152 mm copper
produced a reduction of 40% in depth dose and

TABLE 1: Fluoroscopy and DSA times and maximum thermolumi-
nescent dosimetric measurements for control group

Patient
Fluoroscopy Time,

min
DSA Time,
mA-min

Radiation
Dose, Gy

1 62 255 2.24
2 40 130 1.08
3 10 38.5 0.69
4 27 0 0.44
5 20 159 0.31
6 84 193 2.70
7 15 88 1.18
8 45 80 1.50
9 53 146 2.24
10 26 165 1.81
11 76 139 2.70
12 11 154 1.33

Mean 6 SD 39 6 25 129 6 69 151 6 88

Note.—DSA 5 digital subtraction angiography.
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57% in surface dose. The filter of 0.5 mm alu-
minum per 0.125 mm tantalum produced a re-
duction of 80% in depth dose and 82% in surface
dose. The tantalum-containing filter was found
to cause sufficient heat loading of the x-ray tube
to interfere with the clinical examination
through unacceptable delays in tube cooling.
The filter of 0.5 mm aluminum per 0.076 mm
copper was found to give the greatest ratio of
surface dose reduction to depth dose reduction.
This filter did not cause any appreciable subject
degradation of phantom image quality for any
of the six variables evaluated (see “Materials
and Methods”) nor was there any appreciable
effect on tube heating. The filter of 0.5 mm
aluminum per 0.152 mm copper and that of 0.5
mm aluminum per 0.125 mm tantalum, how-
ever, caused noticeable and unacceptable
changes in the subjective parameters evalu-
ated. This was particularly evident with mi-
croguidewire clarity and background noise. The
filter of 0.5 mm aluminum per 0.076 mm cop-
per was chosen as the subjectively approved
filter that produced maximum reduction in sur-
face dose and minimum reduction in depth
dose, thereby also causing minimum alteration
in the intracalvarial image.
Table 2 shows the times for fluoroscopy and

DSA along with the maximum TLD measure-

TABLE 2: Fluoroscopy and DSA times and maximum thermolumi-
nescent dosimetric measurements for group with additional
filtration

Patient
Fluoroscopy Time,

min
DSA Time,
mA-min

Radiation
Dose, Gy

1 40 205 1.68
2 58 123 1.05
3 36 167 1.65
4 7 39.5 0.27
5 40 162 1.39
6 32 161 0.75
7 15 132 0.41
8 20 233 0.44
9 100 305 1.19

10 41 168 1.13
11 25 127 0.70
12 61 132 0.31
13 1 31.3 0.25
14 39 90.6 0.82
15 26 80.5 0.56
16 59 183 2.42
17 14 187 1.90
18 25 54 0.36

Mean6SD 36 6 24 143 6 70 96 6 64

Note.—DSA 5 digital subtraction angiography.
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ments for the 18 patients whose treatment in-
cluded additional filtration. No significant differ-
ences could be seen in the fluoroscopy time and
DSA time. Maximum TLD measurements for
each patient in whom supplemental beam filtra-
tion was used ranged from 0.15 to 2.42 Gy
(mean, 0.96 6 0.64 Gy), resulting in an average
dose reduction of 35% compared with the con-
trol group.
In vitro evaluation of machine factor mea-

surements done before the third portion of the
study showed that x-ray output was boosted by
approximately a factor of two per setting for
each of the two fluoroscopic boost stations. By
using a constant kV(p), we caused the current
in the tube to be 1.5, 2.8, and 5.5 mA, respec-
tively, simply by changing the x-ray boost fac-
tors from nonboosted to first boost and then
second boost stations. The measured x-ray
dose output was 0.0081, 0.0155, and 0.032
Gy/min, respectively, for the three stations.
DSA dose/differential gain settings also

showed an increase by approximately a factor
of two per setting for each of four keyboard-
controlled console settings, labeled A, B, C, and
D. The respective doses per digital subtraction
angiogram were 0.001, 0.0025, 0.005, and
0.01 mGy. Qualitative evaluation showed
greater than acceptable image noise for differ-
ential gain setting A (similar to the image results
found with the tantalum filter), but settings B
and higher proved acceptable. The first fluoro-
scopic nonboosted station (small r) and the
second DSA dose/differential gain setting (B)
were chosen for routine examinations.

TABLE 3: Fluoroscopy and DSA times and maximum thermolumi-
nescent dosimetric measurements for group with additional filtra-
tion and control of machine set-up values

Patient
Fluoroscopy Time,

min
DSA Time,
mA-min

Radiation
Dose, Gy

1 74 64.2 0.63
2 10 83.3 0.24
3 26 60.5 0.81
4 19 58.2 0.51
5 31 48.7 0.13
6 40 287 1.23
7 15 87.8 0.32
8 14 119 0.34
9 25 105 0.75
10 58 161 0.84

Mean6SD 31 6 21 107 6 72 58 6 34

Note.—DSA 5 digital subtraction angiography.
Table 3 shows times for fluoroscopy and DSA
along with the maximum TLD measurements
for the group in which additional filtration and
alteration of machine set-up values were added
to the treatment. Again, no significant differ-
ences could be seen in fluoroscopy time and
DSA time as compared with groups 1 and 2.
Maximum TLD measurements in this group
ranged from 0.13 to 1.23 Gy (mean, 0.58 6
0.34). These steps lowered the average maxi-
mum skin dose to 63% of the dose given in the
control group.
Figure 1 shows linear regression analysis

data for the control group and the two experi-
mental groups. In Figure 1A the maximum skin
dose is compared with fluoroscopy time and in

Fig 1. A and B, The maximum measured skin dose in radians
is plotted as in independent function of live fluoroscopy time (A)
and DSA milliampere-minutes (B). Open triangles represent data
points for group 1 (the control group), open circles represent data
points for group 2 (the group with supplemental primary beam
filtration alone), and filled circles represent data points for group 3
(the group with supplemental primary beam filtration in addition
to attention to technical factors). Progressive decreases in the
slope of the skin dose lines are apparent when comparing group
2 with group 1 and group 3 with group 2.



Figure 1B the maximum skin dose is compared
with DSA milliampere-minutes. Both figures re-
veal significantly significant reductions in the
slope of the three groups independently for flu-
oroscopy time and DSA time (P 5 .0001). The
slope decreases with added filtration (group 2)
and decreases even further with filtration plus
close attention to technical factors (group 3).
A statistically significant difference was also

found among the three groups when comparing
mean site dosage (P 5 .019) and the largest
dosage site measured (P 5 .0068). The slope
differences diverge progressively as the lines
are followed to increasing doses and exposure
times, showing that potential dose reductions
are significantly greater with prolonged fluoros-
copy and DSA exposure times than with shorter
exposure times.
Figure 2 projects the potential advantages of

these dose differences at unachieved high ex-
posure times. The two bar graphs show the
amount of exposure time that would be needed

Fig 2. A and B, Bar graphs show the amount of projected
rather than measured exposure time needed in fluoroscopy min-
utes (A) and DSA milliampere-minutes (B) based on the linear
regression analysis for each of the three study groups to achieve
0.5-, 1.0-, 1.5-, 2.0-, and 3.0-Gy (50, 100, 150, 200, and 300
rad) skin doses. The solid bar represents group 1, the open bar
represents group 2, and the cross-hatched bar represents group 3.
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with each of the three groups on the basis of
projections of available data points for progres-
sively increasing skin doses through an epila-
tion dose of 3.00 Gy. As an example, note that
according to Figure 2, over 180 minutes of flu-
oroscopy time or more than 600 mA-min of
DSA would need to be accrued in group 3 to
achieve epilation level doses that would be ac-
crued with only 75 minutes of fluoroscopy or
220 mA • min of DSA in group 1.
The equipment used in this study could not

record the beam current or peak kilovolt for
fluoroscopy, although the DSA image data were
specifically recorded and allowed precise tabu-
lation of DSA parameters over the course of
each study. The data are displayed as though
total skin dose results from fluoroscopy or DSA.
Some examinations required an even division
between fluoroscopy and DSA in terms of mil-
liampere-minutes. The equipment used for
these examinations is unable to determine the
specific dose proportions attributable to fluoros-
copy or DSA independently, since many dose-
related parameters vary throughout a study,
such as patient-tube proximity, collimation, and
fluoroscopy magnification time periods. To per-
form a specific analysis of two such variables,
continuous measurements of independent pa-
rameters, such as patient-tube distance and
collimated field size, need to be recorded.

Discussion

Interventional neuroradiologic procedures
may cause large doses of radiation to be deliv-
ered to the craniofacial region (17). Recent
studies have discussed and reported docu-
mented and hypothetical effects related to such
interventional neuroradiologic procedures (3,
10). However, we are not aware of any study
that has documented the actual effects of im-
plementing specific dose-reduction measures.
Head and neck radiation has specifically been
shown to affect the hair, skin, brain, salivary
glands, teeth, eyes, and optic nerves (4–9, 19,
20). Temporary and permanent hair loss has
been shown to result from radiation exposure
(4, 5). Reported postradiation changes to the
skin include temporary and permanent epila-
tion, erythema, desquamation, dermal necrosis,
atrophy, and telangiectasia (4–9, 21). Radia-
tion effects have included the development of
malignant and benign brain and salivary gland
tumors (22, 23). Radiation-induced disorders of
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tooth bud growth include agenesis, enamel dys-
plasia, disordered tooth development, and ab-
normal root formation (24, 25). Ionizing radia-
tion has also been shown to induce cataract
formation (26, 27).
Measurements from our control group (treat-

ments performed without altered filtration or
modification of machine factors) showed some
skin doses at or near levels sufficient to induce
skin effects. Epilation may be seen at a dose of
3 Gy, erythema at 6 Gy, and desquamation at
15 Gy (4–9, 21). Erythema and epilation have
previously been reported at respective doses
greater than 2 to 3 Gy (1–5, 11, 19, 28). Four
patients in our control group had maximum
TLD measurements greater than 2 Gy (Table
1). These findings were in part explained by
asymmetric skin doses applied to opposite
sides of the calvaria. This asymmetry was due
to placement of the patient and the tube, and we
thought it was correctable. In group 3 we at-
tempted to achieve a partial reduction in skin
dose by switching the location of the x-ray tube
and image intensifier at fixed 5-minute intervals
triggered by the fluoroscopy timer. Rotating the
positions of the tube and image intensifier
should result in more uniform distribution of the
skin dose even though the total skin dose will
not be lessened. This technique, in effect,
serves to redistribute the radiation dose when
possible so that it does not disproportionately
affect a given volume of tissue. These potential
beneficial effects are more effectively realized
with longer procedures, in which a unilateral
concentrated dose of greater than 3 Gy would
be difficult to avoid, allowing a redistributed
dose of approximately 1.5 Gy to each side of the
scalp and thereby avoiding the epilation thresh-
old. Each tube rotation takes about 30 seconds
to complete and therefore adds approximately 6
minutes of nonfluoroscopy time to each hour of
fluoroscopy time per procedure. We did not find
this maneuver to be overly time-consuming or
inconvenient.
Technique parameters that affect dose and

that can be varied by the operator include fluo-
roscopic settings, use of the fluoroscopy boost
option, pulse-progressive fluoroscopy, and
DSA dose setting. The specific method used to
control fluoroscopic image brightness also may
affect dose. As an example, image brightness
may be decreased by reducing the amount of
radiation dose delivered or, alternatively, by
keeping an overly high dose constant and de-
creasing the video brightness. The former
method clearly reduces total dose when com-
pared with the latter method, and the method of
gain setting is determined by each manufac-
turer of fluoroscopic equipment.
Before choosing optimal settings for fluoros-

copy dose stations and the DSA dose/differen-
tial gain settings, we quantitatively and subjec-
tively evaluated the available settings by using
the six subjective categories discussed in the
“Materials and Methods.” It was found that each
step increase for either fluoroscopy or dose/
differential settings resulted in approximately
double the previous step dose. We found that
we could routinely use the lowest fluoroscopy
dose station and the second lowest dose/differ-
ential gain setting while achieving acceptable
imaging for interventional neuroradiologic pro-
cedures.
Supplemental machine options can play a

significant role in increasing or decreasing radi-
ation dose. Certain machines are available with
a boost option. When used, this option permits
dose rates as high as 0.5 Gy/min. Avoiding
such boosting results in much lower absorbed
skin doses. An option that serves to decrease
dose is a “last image hold” feature, which per-
mits the last displayed screen image to remain
visible for evaluation until fluoroscopic exami-
nation is reinitiated. Additionally, pulse-pro-
gressive fluoroscopy holds tremendous promise
for dose reduction, and this feature used in con-
cert with “last image hold” has been reported to
reduce entrance skin exposure by at least a
factor of 10 (11).
This study shows that the combination of ad-

ditional filtration and close attention to machine
settings results in a measurable maximum skin
dose reduction of 63%. Close attention to other
operator-controlled variables will also reduce
the overall dose during a procedure. These in-
clude careful collimation, rotation of tube posi-
tion, judicious use of magnification, and mini-
mization of scatter by placing the patient as
close to the image intensifier as possible.
Concerns about radiation risk from fluoros-

copy have increased the interest of the Food
and Drug Administration in amending perfor-
mance standards on fluoroscopic equipment in
an attempt to establish limits on radiation out-
put (29, 30). Both fluoroscopy and DSA con-
tribute to radiation dose in patients undergoing
interventional procedures. It is difficult to quan-
titate precisely the percentage of radiation dose



delivered separately by each of the two meth-
ods during the course of an interventional pro-
cedure. Multiple confounding variables include
fluoroscopic time, magnification, patient posi-
tioning, and number of angiograms obtained.
We attempted to derive approximate calcula-
tions of fluoroscopy and DSA doses per minute
by dividing the maximum measured doses by
the known fluoroscopic times and DSAmilliam-
pere-minutes for each patient (Table 1). This
approximate calculation showed approximately
doses of 0.016 Gy/min and 0.008 Gy/min for
fluoroscopy and DSA, respectively.
Limitations of our study were introduced by

its design intentions; namely, to reduce skin
dose below the threshold for injury without in-
terfering with the treatment regimens of the rep-
resentative interventional neuroradiologic pro-
cedures. We documented decreases in skin
dose using a previously undescribed method of
tube rotation, inexpensive supplemental filtra-
tion, and attention to machine selection param-
eters. In this study we could not separate the
dose contribution from fluoroscopy from the
dose contribution from DSA. However, the pri-
mary value of the study lies in the documenta-
tion of the net decreases in skin dose attainable
with the application of techniques to reduce
skin dose in actual interventional procedures.
This study also serves as a template for future
studies in the analysis of the sources of radia-
tion and dose reduction in interventional radiol-
ogy. Information regarding accumulated skin
dose during each procedure may also help
avoid excessive doses from these procedures.
For some procedures, skin injury may be an
unavoidable side effect when otherwise terminal
disorders are treated; however, it is important to
recognize when skin dose begins to approach
the threshold for injury. In future studies, real-
time dose information may be the most effec-
tive way to suggest imminent dose-related
complications.
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