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BACKGROUND AND PURPOSE: CT guidance may improve precision for diagnostic and therapeutic
spinal injections, but it can increase patient radiation dose. This study examined the impact of reducing
tube current on patient radiation exposure and the technical success for these procedures, by using
axial acquisitions for short scan lengths and eliminating nonessential imaging.

MATERIALS AND METHODS: Our institutional review board approved retrospective analysis of records
from 100 consecutive outpatients undergoing spinal injections for pain before and after the CT protocol
modification to reduce radiation dose. Data collected included patient age and sex, response to
injection, number of sites and spinal levels treated, injection type, performing physician, CT acquisition
method, number of imaging series, tube current, scan length, and DLP.

RESULTS: Image contrast was reduced with the low-dose protocol, but this did not affect technical
success or immediate pain relief. Mean DLP for all procedures decreased from 1458 = 1022 to 199 + 101
mGy - cm (P < .001). The range of radiologist-dependent DLP per procedure also was reduced significantly
with the modified protocol. Selective nerve root blocks, lumbar injections, multiple injection sites, and the
lack of prior imaging were each associated with a slightly higher DLP (<50 mGy - cm).

CONCLUSIONS: Radiation to patients undergoing CT-guided spinal injections can be decreased signif-
icantly without affecting outcome by reducing tube current, using axial acquisitions for short scan
lengths, and eliminating nonessential imaging guidance. These measures also decrease variability in
radiation doses between different practitioners and should be useful for other CT-guided procedures

in radiology.

ABBREVIATIONS: ANOVA = analysis of variance; CTDI,,, = volume CT dose index; DLP = dose-
length product; NA = not applicable

T image guidance ensures accurate needle placement to

localize and/or treat spinal pain,' a common medical
problem with substantial costs to society.” In general, CT
has an increasing role in interventional radiology. How-
ever, there is mounting concern in the medical community’
and general public* regarding the potential harmful effects
of medical radiation exposure. Furthermore, patient radiation
doses have shown surprising variability even for the same CT
protocol at different institutions.> Recent editorials have advo-
cated for the development and widespread adoption of more uni-
form CT acquisitions to reduce both radiation dose and
variability.>*

A number of different strategies have been proposed to
reduce CT radiation dose with varying effects on resultant
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image quality.”® Tailoring the acquisition protocol to the
diagnostic or interventional goal of the procedure is 1
straightforward approach.” In the case of spinal injections,
3 observations can be used to design an appropriate proto-
col for CT guidance. First, when the site of injection is
known a priori, it should be possible to target imaging only
to the structures of interest. Second, osseous spine anatomy
has high inherent contrast such that x-ray tube current
throughout the imaging procedure might be reduced.
Doses for lumbar CTs in adult patients with suspected disk
herniation were reduced 35% in this manner without de-
grading image quality,'’ and experiments in phantoms
have predicted substantial dose reductions with lower tube
currents during lumbar spine injections.'! Finally, because
CT-guided spinal injections require imaging only short
lengths along the scanner axis, switching from helical to
axial acquisition modes also can reduce the radiation dose
from over-ranging.'>'*

This study describes the impact of several steps that were
taken in our academic practice to reduce patient radiation
during CT-guided injection procedures for spinal pain. Spe-
cifically, we implemented a protocol by using anatomically
targeted survey imaging, lower tube current, and axial acqui-
sitions for short image lengths for all CT-guided spinal injec-
tions. We found that these 3 steps achieved substantial reduc-
tions in both the radiation to patients and in the variability in
patient radiation for procedures performed by different
radiologists.



Materials and Methods

Study Design

Our institutional review board approved this study. In March 2010,
our neuroradiology section made several modifications to CT proto-
cols for spine interventions to reduce the radiation doses to our pa-
tients. Specifically, tube-current and scanning lengths were reduced,
and acquisitions were changed from helical to axial for most imaging
series. To assess the impact of these measures on radiation reduction,
we retrospectively collected data for the first 50 consecutive patients
that followed the implementation of these changes. For comparison,
we also collected data retrospectively for 50 consecutive patients un-
dergoing procedures in March 2009, 1 year preceding the implemen-
tation of the dose-reduction steps.

Patient Selection

All patients undergoing CT-guided epidural, facet joint, nerve root,
or medial branch blocks to relieve spinal pain were included. Patients
undergoing other CT-guided spinal interventions such as percutane-
ous biopsy, kyphoplasty, vertebroplasty, and radio-frequency abla-
tion were excluded. Only the first procedure for a patient undergoing
multiple procedures in the same year was included (to limit the im-
pact of specific individual factors such as body habitus). Patients also
were excluded if the dose report was not available.

Spinal Injections and CT Technique

All spinal injection procedures were performed on the same 64-sec-
tion CT scanner (LightSpeed VCT; GE Healthcare, Milwaukee, Wis-
consin) at a single outpatient facility (rotation time, 0.8 seconds; tube
potential, 120 kV; section thickness, 2.5 mm; collimation, 40 cm; and
helical pitch and detector coverage, 1.375 and 40 mm, respectively).
The noise index was not adjusted. Individual supervising neuroradi-
ologists altered only tube current, scan length, and the CT acquisition
method.

Data Collection

Data were collected using the departmental PACS system by review-
ing CT images, dose reports, and interpretative reports. Each series of
images from a particular study was assigned to 1 of 3 phases: a “sur-
vey” phase, consisting of an initial CT acquisition by using a fiducial
grid for procedure planning; a “guide” phase, in which multiple image
series were acquired as =1 needle was advanced to specific anatomic
targets for injection; and a “contrast” phase, in which CT was per-
formed to verify correct needle placement following injection of io-
dinated contrast. The presence or absence of metallic hardware within
the region of interest also was recorded because a higher tube current
may have been used in these cases to better visualize regional anat-
omy. The difference between time stamps on the first and last images
was used as a surrogate for the total procedural time.

Information collected from the radiology interpretative report in-
cluded patient sex and age, the supervising attending neuroradiolo-
gist (the same 3 neuroradiologists supervised procedures in both
years), spinal anatomy treated, number of sites injected, injection
type (epidural, facet joint, selective nerve root, or medial branch
block), pre- and postprocedure pain assessment, and the dates of
available prior cross-sectional imaging for the spinal anatomy being
treated. The spinal anatomy was recorded as cervical, thoracic, lum-
bar or sacral; and transitions were assigned to the superior level (eg, a
C7-T1 injection was cervical). Spinal levels were divided by interver-
tebral disk spaces per standard convention, and each needle used

during the procedure was considered a single injection site (eg, an
injection of both articulating facets at L4-L5 was recorded as 1 level
and 2 sites). Patient-reported pain scales immediately before and after
the procedure (rated 0—10, with 0 being no pain) were recorded in the
64/100 patients for whom this information was documented in the
radiology report.

The dose report provided a separate acquisition method (helical
or axial), scan length in centimeters, tube current in milliamperes,
and DLP in milligrays percentimeter for each imaging series. The
scan length for an individual scan series was measured as the sum of
all imaged regions along the z-axis without including gaps in cases in
which more than a single level was injected. The dose report also
provided the total examination DLP. All data were entered into a
password-protected database on an encrypted computer. Statistical
comparisons used unpaired Student ¢ tests or 1-way ANOVAs with
post hoc Tukey tests for significance when differences were found.

Radiation Dose Estimation

This study focused on quantifying reductions to the DLP during CT-
guided spinal injections. DLP is the product of scan length and the
CTDI,,;. The CTDI,,, and DLP are precisely defined, reproducible,
and conform to industry and regulatory standards.'>'*® The DLP
(milligrays per centimeter) is often used to estimate the effective dose
(millisievert) in adults of standard physique by multiplying the DLP
by 0.0059, 0.014, or 0.015 mSv/mGy - cm for the cervical, thoracic, or
lumbosacral spine, respectively.'® The accuracy of the estimated ef-
fective doses, however, depends on individual patient factors (eg,
body habitus). Hence, a reduction in DLP will still correspond to a
reduction in a patient’s effective dose, but the estimated magnitude of
the latter reduction is not as precise.

Results

Images obtained during the different procedural phases in
2010 showed reduced perceived contrast compared with pro-
cedural images obtained in 2009, which was attributed to the
lower tube current (Fig 1). However, there remained sufficient
detail for identifying relevant vertebral anatomy and the posi-
tions of fiducials, needles, and iodinated contrast throughout
the procedure in all cases. All 100 cases were technically suc-
cessful for injection of the a priori anatomic target without
immediate postprocedural complications. Immediate reduc-
tion in patient-reported pain also did not differ between years
(Table 1), with 92% of patients reporting at least mild reduc-
tion in pain scores.

In 2010, changing most CT acquisitions from helical to
axial, reducing tube current, and reducing nonessential imag-
ing (Table 2) lowered the mean total DLP for the procedure by
86% from 1458 * 1022 to 199 = 101 mGy - cm (P < .001).
The DLP for each phase of the spinal injection procedure also
was reduced (Fig 2A). More than 70% of the total DLP reduc-
tion was due to lower mean DLP during the guide phase of the
procedure (reduced by 926 mGy * cm in 2010). Per image se-
ries, the DLP during the guide phase was reduced by >95%
from 86 = 51to 3 = 3 mGy + cm from 2009 to 2010 (P < .001).
This corresponded to an 82% reduction in minimum tube
current for an individual image series during the guide phase
(P < .001) (Table 2). Furthermore, the number of imaging
series required to advance the needle to the target decreased
from 12.3 = 5.8 in 2009 to 9.7 = 5.4 in 2010 (P = .022).
Overall, the extent to which different phases of the examina-

AJNR Am J Neuroradiol 32:1776—82 | Nov 2011 | www.ajnrorg 1777

-
=
=
m
=
-
w
>
=t
m
—
<




Contrast

Fig 1. Comparison images for the same patient who received a left L4-5 facet block, a left L4-5 synovial cyst fenestration, and a left L4 selective nerve root block in both 2009 and 2010.
All acquisitions in 2009 were helical, whereas in 2010, only the initial survey-phase CT images were acquired helically. The tube current was reduced from 549 to 149 mA in the survey
image, from 84 to 30 mA in the fiducial bead image, from 84 to 50 mA in the guide phases of the study, and from 199 to 50 mA in the postcontrast images. Total examination DLP in

2010 was reduced 91%.

Table 1: Group comparisons between patients receiving CT-guided
spinal injections in 2009 and 2010*

T Test
Patient Group 2009 2010 P Value
Age (yr) 55.6 = 14.0 59.9 +14.0 128
Male 42% (21) 58% (29) NA
Injection sites 2.0 +1.0(100) 2.1 +1.3(103) 667
Medial branch blocks 0.1+03(4) 0.1+04(4) 1.000
Facet joint blocks 0.4 +08(22) 0.6 =1.3(28) 357
Selective root blocks 1.3 =09(63) 1.0 = 1.0(49) 118
Epidural blocks 02=+04(11) 0.4 +06(22) 053
Injection levels 15+ 0.7(77) 16+ 1.1(81) 589
Cervical levels 0.7 +0.8(35) 02+06(12) 001
Thoracic levels 0.1+05(5) 0.1 +0.3(4) 1.000
Lumbar levels 0.6 =0.8(30) 1.1 %£1.2(53) 016
Sacral levels 0.1+x04(7) 02+06(12) 329
Hardware present 24% (12) 14% (7) NA
Reported pain® 6.2 +1.8(28) 6.3 = 2.3(36) 809
Immediate pain decrease 3924 44 +26 320
Procedure time (min) 454 +19.1 431 +178 535

@ Fifty patients per group (mean = SD) (total).
® The parentheses for this row indicate the number of patients with available data.

tion contributed to overall patient radiation changed (Fig 3) so
that in 2010 the survey phase of the examination now contrib-
uted the largest component to the total patient effective dose
(75%) for the procedure.

Most patients (79%) underwent cervical or lumbar-only
CT-guided injections for neck or lower back pain, respectively.
Both of these groups showed similar DLP reductions between
2009 and 2010 (Fig 2B, -C). In 2009, cervical-only procedures
had a 70% higher guide-phase DLP than lumbar-only proce-
dures (P < .04), corresponding to a higher mean total exam-
ination DLP of 476 mGy - cm (P < .0001). Most of the DLP
difference can be attributed to use of higher tube current in
cervical procedures during 2009; for example, the minimum
tube current for an image series obtained during the guide
phase was 175% higher (P <.001) (Table 2). The difference in
DLP between cervical and lumbar procedures in 2009, how-
ever, was not observed in 2010. Besides the global reductions
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Table 2: Group comparisons between selected CT-acquisition
parameters for patients receiving CT-guided spinal injections in
2009 and 2010°

T Test

Parameter Anatomy 2009 2010 P Value
Minimum guide-phase  All studies 75.0+612 134+73 <001
tube current (mA)  Cervical only 104.0 =682 167 =112 <.001
Lumbaronly 377 290 11.7*x49 <001

Total image series® All studies 12358 97 £54 022
Cervicalonly ~ 14.0 = 6.1 109 + 46 178

Lumbaronly ~ 10.8 = 3.3 93+49 269

Survey scan length All studies 1004 =364 945+ 389 436

909 =566 566+203  .088
108.0 = 103.0 103.0+40.0 816

(mm) Cervical only
Lumbar only

@Mean = SD.
®Note, only 1 series each was assigned to the survey and contrast phases of the
procedure; the remainder was during the guide phase.

in tube current and DLP for all phases of the examination,
there also was a 40% decrease in the scan length of the survey
phase for cervical-only procedures from 90.9 * 30.9 to 56.6 =
20.3 mm (P = .088) (Table 2).

Radiation-dose reductions were consistent for epidural,
facet, or selective nerve root blocks (Fig 4). Compared with all
other injection types studied, selective nerve root blocks had
higher total examination DLPs in both 2009 and 2010 (P =
.004). In 2010, these total DLP differences were attributed to
higher tube current (159.5 versus 59.5 mA, P = .0063) and
higher DLP (170.4 versus 57.2 mGy * cm, P = .0045) during
the survey phase, as well as higher tube current (61 versus 18.2
mA, P = .0149) during the contrast phase. There was a trend
toward increased tube current during the guide phase as well
(P = .121). These differences were predicted because needle
placement for selective nerve root blocks requires visualiza-
tion of more detailed soft-tissue anatomy compared with
other CT-guided spinal injections (which appears to have
been accomplished with increased tube current). The DLP for
other injection types studied did not differ statistically.

Radiation dose for CT-guided spinal injections showed sig-
nificant reductions under the supervision of all 3 attending
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Fig 2. Between 2009 and 2010, there were significant reductions in DLP (milligrays per
centimeter) for the total procedure as well as survey, guide, and contrast phases for all
cases (A) and cervical-only (B) and lumbar-only (C) CT-guided spinal injections (P < .003 for
all individual 2009 versus 2010 comparisons) (bar graph = mean = standard error of the
mean). The mean effective dose for cervical-only and lumbar-only CT-guided injections was
reduced in 2010 from 9.7 to 1.1 mSv and from 17.5 to 3.3 mSv, respectively. DLP for some
phases of the procedure also differed significantly within the same year (see “Results”).

neuroradiologists from 2009 to 2010 (P < .002, all compari-
sons) (Fig 5). Radiologist-dependent variability in total DLP
decreased substantially as well; the largest mean DLP differ-
ence between supervising neuroradiologists decreased 95%
from 1776 mGy * cm in 2009 to 94 mGy * cm in 2010.

Dose reduction persisted even when total procedure DLP
was normalized to the number of spinal levels or sites injected
(Fig 6). Alternatively, single- and multiple-injection-site pro-
cedures can be compared. In 36 of the 100 patients during
2009-2010, only 1 site was injected; as expected, these proce-
dures took significantly less time (33.4 minutes versus 50.4
minutes) and supervising neuroradiologists chose shorter
scan lengths for survey images (78.1 versus 108.3 mm) com-
pared with multiple-site injections (both comparisons, P <
.0001). There also was a trend toward lower total examination

DLP, with I-site injections in 2010 (166.2 versus 216.9
mGy - cm, P = .089) not present in the 2009 group or com-
bined data. The absolute difference in DLP for 2010 between
single- and multiple-site injections (50.7 mGy * cm) was 25-
fold smaller than the overall reduction in DLP between 2009
and 2010 (1259 mGy - cm).

Helical acquisitions were used in both years for the survey
phase; however, axial replaced helical acquisitions for the
guide phase of all procedures and the contrast phase of most
procedures (36 of 50) in 2010. Notably, DLP was significantly
higher for the 14 procedures for which helical acquisitions
were still used during the contrast phase (35.8 * 19.6 versus
5.7 = 4.4 mGy - cm; ANOVA, P < .001).

Prior cross-sectional imaging of the relevant spinal anat-
omy within the previous year was available for 36 and 39 pa-
tients in 2009 and 2010, respectively. In 2010, higher maxi-
mum tube current was used for the guide phase in patients
without imaging during the previous year (58.9 = 38.4 versus
41.5 = 22.0 mA, P = .058). These patients also had higher
mean total DLP (216.8 * 119.3 versus 193.5 * 96.4
mGy * cm), but the difference was not significant (P = .505).
Otherwise, the availability of prior imaging did not appear to
affect procedure time or supervising neuroradiologists’ other
choices for the CT acquisition. Procedures in the few patients
with hardware (19/100) also trended toward increased total
DLP (1118 versus 760 mGy - cm, P = .144) due to significantly
increased tube current selected during the guide phase (195.5
versus 117.8 mA, P = .009).

Discussion

In early 2010, we attempted to aggressively reduce patient ra-
diation during CT-guided spine injections by decreasing tube
current for each phase of the procedure, switching short image
length acquisitions from helical to axial, and minimizing the
scan lengths and series used. Supervising neuroradiologists
remained free to alter CT acquisitions on the basis of their
clinical judgment, and there was no concurrent monitoring.
Compared with 2009, these changes led to a dramatic 86%
reduction in total DLP per CT-guided spine injection proce-
dure in 2010 (Fig 2, P < .001).

Image contrast remained adequate for precise location of
fiducials, needles, and relevant anatomy (Fig 1). Supervising
neuroradiologists noted that undiluted contrast injection also
reduced tube-current requirements for confirming the appro-
priate needle position. Although long-term outcomes were
not assessed in this study, all procedures were technically suc-
cessful without complications, and there were no differences
between pre- and postprocedure pain scores (Table 1). In
2010, however, CT-guided spinal injections were successful
with estimated effective doses aslow as 0.17 mSv (Fig 7), a dose
that is equivalent or lower than has been reported for fluoros-
copy-guided procedures.”>*' Mean estimated effective doses
for cervical-only or lumbar-only spine injections were re-
duced in 2010 to 1.1 and 3.3 mSv, respectively. Radiation-dose
reductions between 2009 and 2010 also were consistent for
epidural, facet block, and selective nerve root blocks (Fig 4) or
when normalized for the number of sites or levels injected (Fig
6).

With the short image lengths used during the procedures
(generally <10 cm), particularly during the guide and contrast
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Fig 3. Relative contributions from the survey, guide, and contrast phases of CT-guided spinal injections changed substantially between 2009 and 2010. Significant reductions in DLP during
the guide phase of the examination in 2010 lowered its contribution to total procedure DLP from 57% to 20%. In 2010, almost 75% of the patient dose came from the initial survey CT
images obtained for identifying anatomy relevant to the patient’s spinal pain and prescribing the course of needle insertion.
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Fig 4. Comparison of total examination doses for different CT-guided procedures that
involved only 1 specific type of injection (facet joint, selective nerve root, or epidural block)
(bar graph = mean = SD). Between 2009 and 2010, the total dose decreased significantly
for all 3 specific types of CT-guided spinal injections (ANOVA, P < .004 for all compari-

sons). Selective nerve root block procedures were consistently higher in total dose, but this
trend only reached statistical significance compared with facet joint block procedures in

2010 (P = .004).
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Fig 5. Dose reductions were observed for CT-guided spinal injections by individual
supervising neuroradiologists (all 2009 versus 2010 comparisons, P < .003) (bar graph =
mean =+ SD). Comparisons between supervising neuroradiologists in the same year showed
only trends toward statistically significant differences (ANOVA, P = .167 for either 2009
or 2010) due to the large variability in total DLP.

phases, helical acquisitions increased radiation dose from
over-ranging.'*'* Hence, switching to an axial acquisition
during these phases also contributed significantly to dose re-
ductions. This was best illustrated by decreased DLP observed
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Fig 6. Lumbar-only procedures varied in the total number of sites (2.2 + 1.3, 1-7) or levels
(1.5 %= 1.0, 1-7) treated per encounter (mean = SD, range), but the dose reduction
observed persisted even when total examination dose (total DLP) was normalized for the
number of sites (DLP/site) or levels (DLP/level) injected during the procedure (bar graph =
mean + SD). All 3 ways of analyzing procedural DLP showed approximately 80%
reductions between 2009 and 2010 (P < .0001). Similar large dose reductions also
persisted for cervical-only procedures when normalized for the number of sites or levels
treated (P < .002).

during the contrast phase of 2010 examinations when axial
and helical acquisitions were compared directly. Procedure
DLPs were further reduced by 21% fewer image series and
40% decreased image length for cervical-only procedures (Ta-
ble 2). Overall, the changes implemented affected the guide
phase most, in which 70% of the observed total radiation re-
duction occurred.

This study highlighted the fact that there can be substantial
radiologist-dependent variability in patient radiation during
CT-guided procedures (Fig 5). Using the proposed dose-re-
duction strategy, differences in DLP between the highest and
lowest supervising neuroradiologists were reduced 95% from
1776 mGy * cm in 2009 to 94 mGy * cm in 2010. The reduced
variability in radiologist-dependent procedural radiation
came without mandates or monitoring and meets recent pro-
posals that doses for CT protocols become more consistent
and independent of particular supervising neuroradiologists
and/or institutions.»®

A secondary aim of this study was to identify additional
patient or procedural features that alter supervising neurora-
diologists’ choices of CT acquisition parameters and hence
affect patient dose. Male sex, selective nerve root blocks, lum-
bar level injections, multiple injection sites, or absence of im-
aging within the previous year appeared to increase patient



Fig 7. Sample images from a 2010 study with aggressive dose reduction during a technically successful CT-guided right C6 selective nerve root block. Only the survey CT images were
acquired helically (scan length = 50 mm). The milliampere/DLP (milligrays per centimeter) was 29/20.1, 10/0.5, and 20/1.0 for the survey (A), guide (B), and contrast (C) images, respectively
(note, 8 guide series with slightly varying milliamperes or ranges were obtained). Total examination DLP was 28.6 mGy - cm, giving an estimated total effective dose of only 0.17 mSv.
This dose is comparable with or lower than that for fluoroscopy-based spinal injections for pain.

radiation. However, these factors were not additive, and the
increased DLP observed for any individual factor only ranged
between 23.3 and 50.7 mGy * cm in 2010 (the latter only in-
creases the effective dose by 0.7 mSv in lumbar spine
injections).

This retrospective study had some limitations. The study
was not randomized, and the patient groups before and after
implementing the dose-reduction strategies differed in some
respects (Table 1). Specifically, in 2010, a greater proportion of
patients were male and a smaller number had metallic spinal
hardware. Moreover, patients in 2010 had more lumbar and
fewer cervical injections than those in 2009. Furthermore, as a
retrospective study, other factors that could alter the real-time
choice of scan parameters such as body habitus could not be
assessed. This study was designed to examine radiation dose
reductions for CT-guided spinal injections and did not com-
pare radiation doses between fluoroscopy and these injec-
tions.'® Fluoroscopy-guided spinal injections are performed
by different specialists at our institution. The accurate estima-
tion of radiation from fluoroscopy procedures also is not
simple.

Conclusions

Patient radiation from CT-guided spinal procedures de-
creased significantly without affecting the technical success of
the procedure by reducing tube current, switching to axial
acquisitions for short scan lengths, and eliminating nonessen-
tial imaging. Most optimization came from decreased contri-
butions during the guide phase (when the needle was ad-
vanced to its anatomic target). Procedural DLP showed
substantial variability, depending on the supervising neurora-
diologist, and was reduced by 95% after implementation of
this dose-reduction strategy. The radiation reductions ob-
served should be valid for other CT-guided procedures in ra-
diology. Adding anatomy or attenuation-based tube-current
modulation,*** noise-reduction algorithms,* and/or tube-
voltage reductions in nonobese patients®® may further reduce
patient radiation doses. Prospective studies also may identify
other patient and procedural characteristics that affect patient
doses during CT-guided procedures.
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