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Background:  Spinal digital subtraction angiography (DSA) exposes patients and operators to substantial amounts of radiation.
Antiscatter grid (ASG) removal is used to decrease radiation exposure but may reduce image quality.

Purpose:  To determine whether ASG removal during spinal DSA in adults reduces radiation dose while maintaining diagnostic im-
age quality and whether dose reduction is related to body mass index (BMI).

Materials and Methods:  This Health Insurance Portability and Accountability Act—compliant prospective study included adults
undergoing spinal DSA between January and December 2016. Each procedure included an additional angiographic acquisition
performed twice, once with and once without ASG, either documenting the artery of Adamkiewicz (no pathology group) or the
condition leading to the procedure (pathology group). Dose differences between study acquisitions and the influence of BMI
were evaluated via paired 7 test. Two neurointerventionalists blinded to acquisition protocols were asked to independently evalu-
ate a sample of 40 study acquisitions (20 with ASG, 20 without ASG) from 20 randomly selected participants to () rate image
quality, () categorize findings, and (¢) determine whether images had been obtained with or without ASG. Percentage agree-
ment on image quality, findings categorization, and ability to correctly identify the acquisition protocol was calculated for both
readers.

Results:  Fifty-three participants (mean age = standard deviation, 51 years = 15.2; 32 men) were evaluated. ASG removal reduced
the mean dose per acquisition by approximately 33% (mean dose-area product and air kerma decreased from 202 to 135.6 pGy/
m? and from 35.3 to 24 mGy, respectively; 2 < .001) independently of BMI (P = .3). Both readers evaluated all images (40 of 40)
as being of diagnostic quality and correctly categorized findings in 19 of 20 (95%) cases. Overall percentage agreement for correct
protocol identification was 60% (12 of 20) for grid-in and 45% (nine of 20) for grid-out images.

Conclusion: Antiscatter grid removal during spinal digital subtraction angiography decreased participants' radiation exposure while

preserving diagnostic image quality.

©RSNA, 2020

pinal digital subtraction angiography (DSA) is the refer-

ence imaging method used to investigate the spinal vas-
culature (1-5). Complete spinal DSA includes the selective
study of each pair of intersegmental arteries of aortic origin
(most often T3-L3), the subclavian artery and its branches
(including the vertebral and supreme intercostal arteries),
the carotid arteries, and the pelvic circulation (median
and lateral sacral arteries). This large number of injections
can require potentially long fluoroscopic times; thus, it is
important to minimize radiation exposure to the patient
and angiography team. Modern angiography suites are
equipped with removable antiscatter grids (ASGs) made
of parallel lead strips. ASGs filter the scattered x-rays pro-
duced by the passage of the beam though the patient’s tis-
sues, allowing only the primary x-rays to reach the detector
and form the radiographic image. By optimizing the sig-
nal-to-noise ratio, ASGs improve image quality. However,

because only a fraction of the generated x-rays participate
in the formation of the radiographic image, the use of
ASGs is associated with an increase in radiation exposure.

ASG removal is a well-known but rarely investigated
and scarcely applied radioprotection technique; its advan-
tages have been mostly studied in the pediatric population
and in the interventional cardiology field, with only a few
mentions of cerebral angiography and temporal bone im-
aging (6-15). We sought to investigate ASG removal in
the adult population undergoing spinal DSA because of
the substantial amount of radiation associated with the
procedure.

The purpose of this prospective study was to test the hy-
pothesis that ASG removal significantly reduced the dose
in spinal DSA while maintaining diagnostic image quality
and to evaluate whether dose reduction was related to the
participants’ body mass index (BMI).
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Abbreviations

ASG = antiscatter grid, BMI = body mass index, DAP = dose-area
product, DSA = digital subtraction angiography, K, = reference air
kerma

Summary

Removal of antiscatter grids during spinal angiography reduces
radiation exposure to patients and operators while maintaining ac-
ceptable diagnostic image quality; this dose-reduction technique
may be applied to any fluoroscopy-based thoracic or abdominal
procedure.

Key Results

= Antiscatter grid removal during spinal angiography reduced radia-
tion dose by approximately 30% independently of the participant’s
body mass index (2 < .001).

= Despite significant dose reduction by approximately 33%, the
diagnostic quality of images used to investigate minute spinal vas-
cular structures was maintained.

Materials and Methods

The institutional review board approved this prospective study,
which complied with the Health Insurance Portability and
Accountability Act. All participants signed a consent form
explaining the study and were given the option to withdraw
participation at any time. The obtained data were exclusively
used for this study, and there is no overlap with any other past
or future publication.

Study Design

The study participants underwent diagnostic spinal DSA.
Body habitus determined whether angiography was performed
in its entirety with or without ASGs. Participants with a BMI
of 40 kg/m? or greater underwent the entire procedure with the
ASG, while those with a BMI of less than 30 kg/m* underwent
the procedure without it; in those with a BMI of 30-39 kg/
m?, the operators made the decision on an individual basis.
After completion of the diagnostic procedure, an intersegmen-
tal artery was selected for an additional acquisition with or
without ASGs, depending on how the entire examination had
been performed. In case of negative DSA findings (no abnor-
mality group), the intersegmental vessel providing the artery
of Adamkiewicz was selected, whereas in cases with a vascular
abnormality (abnormality group), the targeted artery was the
main feeder to the lesion. The artery of Adamkiewicz was cho-
sen because it is the most important and constantly present
radiculomedullary feeder, and its visualization is essential for

spinal DSA to be considered diagnostic.

Study Participants

Participants were men and women undergoing spinal DSA at
our institution between January and December 2016. Pedi-
atric patients were excluded. Test acquisitions were not per-
formed in eight participants who were tired or uncomfortable
at the end of the procedure. Four participants were excluded
early in the study because of the inadvertent application of a
different copper filtration protocol between test acquisitions

(Fig 1).
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Participants who consented
for the study
n=65

Excluded: participant unable to undergo
> the additional study acquisitions
(n=8)

v

Participants who underwent the two
additional study acquisitions
n=57

|Exc|uded: unintended automatic change
> in copper filtration between the
two study acquisitions

(n=4)

Participants included in the analysis
n=53

Figure 1:  Participant flowchart.

Image Acquisition

Spinal DSA was performed in a biplanar neuroangiography
suite with a total of 76 102-cm flat-panel detectors (Artis Zee;
Siemens Healthineers, Erlangen, Germany). Two fixed-length
protocols were designed for the study: a 10-second variable
frame rate protocol with a total of 11 images and a 16-sec-
ond variable frame rate protocol with a total of 14 images.
The need to assess the venous phase determined the chosen
protocol. Test acquisitions were obtained in the posteroan-
terior projection with input field sizes of 32, 42, or 48 cm.
An angiographer (P.G.) with 25 years of experience in spinal
vascular procedures performed all the contrast material injec-
tions by hand using the same volume of contrast material at
the same concentration: 3 mL of a solution of 75% iohexol
(Omnipaque 300; GE Healthcare, Little Chalfont, United
Kingdom) and 25% saline. Parameters such as patient-source
and patient-detector distances, input field size, automatic ex-
posure control, focal spot, and copper filtration were kept
identical for both test acquisitions. Values for reference air
kerma (K , in milligrays) and dose-area product (DAP, in
micrograys per square meter) were automatically recorded by
the angiography system.

Image Quality Evaluation

The evaluation was based on the review of 40 images (ie, one
image from each test acquisition) in 20 randomly selected
participants either documenting the artery of Adamkiewicz
or a vascular abnormality (10 cases each). Images were cho-
sen by the senior author (PG.) and documented the impor-
tant finding at the time of maximum contrast opacification.
The images were randomly organized in a 40-slide electronic
document and were assessed separately in a blinded random
manner by two clinically active senior fellowship—trained
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neurointerventionalists (M.S.P,, D.S.M.; 9 and 23 years of
experience in spinal angiographic procedures, respectively)
who had no information about the participants’ population
and were not involved in protocol design or image acquisi-
tion. The two readers were asked to fill, independently and in
a single session, an evaluation form with a three-point quality
scale similar to forms previously used for subjective image
assessments (good, moderate, or poor based on image degra-
dation by noise) (16). Good-quality images were considered
to be of excellent diagnostic quality, moderate-quality images
were, in the readers' opinion, still of diagnostic value but were
more degraded by noise. Images of poor quality were consid-
ered unacceptable for clinical evaluation and were ultimately
nondiagnostic. The readers were asked to assign images to one
of three categories—no abnormality, vascular malformation,
or tumor—and to determine whether they had been obtained
with or without ASGs.

Statistical Analysis

The K and DAP per image and the relative ratios between
test acqhisitions (with or without ASGs) were used to calculate
the mean and standard deviations of dose reduction rates. A
paired # test was applied to evaluate the change in K and DAP
between the two test acquisitions. Participants were stratified
by BMI (as a categorical variable, low BMI [=25 kg/m?] vs
high BMI [>25 kg/m?]) to determine whether dose reduction
depended on BMI status. Correlation between dose reduction
and both ASG removal and BMI was analyzed with a Spear-
man test. Analyses were performed by using Stata, version 15,
software (Stata, College Station, Tex). P < .05 was considered
representative of statistical significance.

The percentage agreement was calculated for image quality
assessment, diagnosis, and protocol recognition for each reviewer
to determine whether assessment differed between images ob-
tained with or without ASGs. Interrater percentage agreement
was also calculated for the previously mentioned parameters for
images obtained with or without ASGs. We considered a per-
centage agreement level between readers of 80% or greater to be
clinically acceptable.

Results

Study Participants

Data acquired in 53 study participants (32 men [60%]) were
included in the final analysis. Forty-three of 53 (81%) un-
derwent diagnostic spinal DSA, and 10 of 53 (19%) under-
went therapeutic procedures. The mean age was 51 years =
15 (standard deviation) (range, 20-83 years). Mean BMI was
27.3 kg/m* * 5.7 (range, 16.4-40.7 kg/m?). The main in-
dication for spinal angiography was progressive myelopathy,
occurring in 31 of 53 (58%) participants. Participants’ demo-
graphic characteristics and procedural indications are listed

in Table 1.
Dose Study

The mean K was 35.3 mGy * 13.7 with ASGs and 24.0 mGy
*+ 10.6 without ASGs. The mean DAP was 202.0 pGy/m? =
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Table 1: Characteristics of Participants Undergoing Spinal

Low BMI (» = 20)
High BMI (x = 33)

Parameter Value
Sex
Men 32 (60)
Women 21 (40)
Age (y)
All participants 51 = 15.2 (20-83)
Men 50 £ 17.3 (20-83)
Women 53 *+ 11.2 (32-69)
BMI
All participants 27 * 5.7 (16.4-40.7)
Men 26 * 4.6 (16.4-35)
Women 29 + 7.0 (19.2-40.7)

21 * 1.6 (16.4-24)
31 =+ 4.2 (25.2-40.7)

Type of angiography
Diagnostic 43 (81)
Interventional 10 (19)
Sedation or anesthesia
Conscious sedation 40 (75)
General anesthesia 13 (25)
Indication for spinal angiography
Progressive myelopathy 31 (58)
Tumor (diagnostic or preoperative 12 (23)
embolization)
Known spinal vascular malformations 5 (9)
Spinal cord hemorrhage 2 (4)
Other 3 (6)

Note.—Unless otherwise specified, data are numbers of
participants (7 = 53) with percentages in parentheses or means
+ standard deviation with ranges in parentheses. BMI = body
mass index. Low BMI, =25 kg/m? high BMI, >25 kg/m”.

100.2 with ASGs and 135.6 pGy/m? * 68.5 without ASGs.
ASG removal led to a dose reduction of 33% in K (2 <.001)
and 33% in DAP (P < .001). The dose reduction remained
significant when K and DAP reduction was compared be-
tween participants with low and high BMI; there was no sig-
nificant difference in the degree of dose reduction between the
two groups (Spearman correlation = 0.18 [P = .32] for K and
0.37 [P=.06] for DAP). Figure 2 depicts the mechanism at the
basis of dose reduction in angiography with and without ASG.
Detailed changes in radiation dose after removal of the ASGs
are summarized in Table 2.

Image Quality Assessment

All images obtained with ASGs were rated as good by reader 1
(20 of 20 cases [100%]). These images were rated as good in 19
of 20 cases (95%) by reader 2; one of 20 cases (5%) was rated
as moderate. The images obtained without ASGs were rated
as good in 95% of cases (19 of 20) by reader 1 and in 75% of
cases (15 of 20) by reader 2. One was rated as moderate (5%
[one of 20]) by reader 1, and five were rated as moderate (25%
[five of 20]) by reader 2. All images were of diagnostic quality;
none were rated poor by either reader.

radiology.rsna.org = Radiology: Volume 295: Number 2—May 2020



Orru et al

images where the protocol was

correctly identified were 45%
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(nine of 20) and 25% (five of
20), respectively. Representative

examples of test acquisitions are

A\l

shown in Figures 3-5.

Discussion

== Antiscatter grid (ASG) removal
4 results in significantly lower ra-

diation dose to patients during
cardiologic and pediatric inter-
ventional procedures (6-15).
We investigated the hypothesis
that such a technique could be

[T Primary beams
B Scattered beams

applied to decrease radiation
dose to adults undergoing digi-
tal subtraction angiography
— (DSA) while maintaining ac-
ceptable diagnostic image qual-
ity. We found that (2) ASG re-
moval reduced the mean dose
per angiographic sequence by

Figure 2:

reach the defector. The angiographic image is sharper, but its production requires more x-rays. B, Without the grids, both pri-
mary and scattered x-rays reach the detector. The image loses some sharpness, but its formation requires a lower radiafion

dose. (lllustration by Lydia Gregg, MA, Baltimore, Md.)

The agreement in quality assessment between images ac-
quired with ASG and those acquired without it was 95%
(38 of 40) for reader 1 and 80% (32 of 40) for reader 2.
The overall agreement between both readers for the quality
of images was 95% (19 of 20) for those with ASG and 80%
(16 of 20) for those without it; therefore, agreement was
considered better than acceptable for both image types.

Key Finding Assessment

The readers correctly classified the key finding in 95% (19
of 20) of images obtained with or without ASGs. Both read-
ers erroneously classified the key finding in one participant
(different case for each reader). Reader 1 classified one “no
abnormality” image as “vascular malformation” and reader 2
classified one “tumor” image as “no abnormality.” One mis-
classified image was obtained with ASGs, and one was ob-
tained without them. The overall agreement between both
readers for correct identification of key findings in images
obtained with or without ASGs was 90% (18 of 20).

Grid Status Identification

Reader 1 correctly identified the grid status (image obtained
with or without ASGs) in 60% (24 of 40) of cases; reader 2
did so in 58% (23 of 40) of cases. The overall percentage agree-
ment between readers when they evaluated images obtained with
ASGs was 60% (12 of 20) but fell to 45% (nine of 20) when
the analysis was restricted to the images in which the protocol
was correctly identified. For images obtained without ASGs, the
overall percentage agreement and the agreement restricted to

Radiology: Volume 295: Number 2—May 2020 = radiology.rsna.org

llustration shows angiography with or without antiscatter grids. A, With the grids in place, only primary x-rays

approximately 30%  (mean
dose-area product [DAP] with-
out and with ASG, 135.6 and
202 pGy/m?,  respectively;
mean air kerma without and
with ASG, 24 and 35.3, respectively; P < .001) independently
of body mass index [BMI] (2 < .001) and (%) images without
ASG maintained diagnostic quality in the independent and
blinded evaluation of experienced neurointerventionalists.

Dose-reducing techniques are critical during spinal DSA
considering the many vessels DSA is used to investigate. Our
study shows that gridless spinal DSA reduced exposure by ap-
proximately 30%, regardless of body habitus, while preserving
its diagnostic value. Readers classified all images as diagnostic (of
good or moderate quality): As expected, images obtained with-
out ASG were classified as being of moderate quality more often
than their counterparts obtained with ASG. Although gridless
angiographic imaging is noisier as a result of the increased x-ray
scatter, two experienced angiographers could not consistently
determine which protocol had been used when images were re-
viewed separately. The decrease in image quality is thus insuf-
ficient to categorize an individual image as a grid-in or grid-out
image.

Gridless angiography is an established dose-reduction tool
applied notably in pediatric angiography and, more recently,
interventional cardiology and temporal bone imaging. Most
studies on dose reduction and image quality were performed
with phantoms or animal models or were retrospective reviews
of patient series (6,10—18). The 30% dose reduction observed
in our study, which to our knowledge is the only prospective
evaluation of gridless angiography comparing images obtained
in direct succession and varying only by the presence of ASGs,
is consistent with the findings from these earlier investigations
(9,10,12,19).
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Table 2: Dose Reduction in Spinal DSA with and without Antiscatter Grids

Air Kerma at Reference

Point (mGy) Dose-Area Product (WGy/m?)

Variable Grid-in Grid-out P Value Grid-in Grid-out P Value

All participants (1 = 53) 353 £ 13.7 24.0 = 10.6 <.001 202 = 100.2 135.6 = 68.5 <.001
(14-68.2) (8.3-48.1) (38.6-548.5) (31.5-319.6)

Low BMI (=25 kg/m?) group (n=20) 285+ 114 183107  <.001  151.9 =649  93.1 = 48.9 <.001
(14-55.8) (8.3-48.1) (38.6-310) (31.5-211.5)

High BMI (>25 kg/m?) group (2 = 33) 39.9 = 13.3 27.5 = 8.8 <.001 232.3 £ 105.5 161.4 * 64.4 <.001
(21.4-68.2) (11-46.7) (77.4-548.5) (55.6-319.6)

Note.—Data are means * standard deviations, with ranges in parentheses. Dose references are per key angiographic run (ie, significant run
showing either the artery of Adamkiewicz or the abnormality). BMI = body mass index.

a. b.

Figure 3:  Spinal digital subtraction angiograms in a 21-year-old man with a
cord hemorrhage. Injection of the left T9 intersegmental artery (posteroanterior
projection) shows a normal artery of Adamkiewicz (arrow) (@) with and (b) with-
out antiscatter grids. Grid removal reduced both air kerma and dose-area product
from 26 mGy and 116 pGy/m? to 18 mGy and 82 nGy,/m? (30% and 29%
reduction), respectively.

Partridge et al (10) assessed coronary angiography performed
without ASGs and noted mean DAP reductions of 39% and
23% during diagnostic and interventional procedures, respec-
tively, without a substantial decrease in image quality. They
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concluded that ASG removal should be implemented in both
adult and pediatric interventional cardiology. A recent study
considering cardiac catheterization with and without ASGs in a
phantom and in patients with BMI lower than 25 kg/m? showed
a dose reduction of up to 46.6% in patients, without substantial
decrease in image quality, and a dose reduction of 70% in phan-
toms, with a more prominent decrease in image quality in large
phantoms (20). In their evaluation of gridless electrophysiology
procedures, Smith et al (21) observed unchanged procedural
outcomes despite a perceptible decrease in image quality. Grid-
less angiography is now advocated for all pediatric interventional
radiology and cardiology procedures (18,22). It is, in our opin-
ion, mandatory for most pediatric diagnostic neuroangiographic
examinations and may be applied to selected adult cranial proce-
dures with similar dose-reduction benefits (15).

ASG removal does not affect the angiographic workflow and
decreases the dose regardless of other settings, including frame
rates, magnification, and geometric factors. It can be combined
with other dose reduction strategies, such as variable frame rate
and low dose-per-frame protocols, to optimize radiation man-
agement. On modern equipment, ASGs can be removed or rein-
serted in a matter of seconds, allowing quick repositioning for a
specific component of a procedure (23). During spinal DSA, for
example, ASGs may be necessary only for the abdominal portion
of the study.

Spinal DSA addresses some of the smallest vessels sub-
jected to angiographic evaluation. The artery of Adamkiewicz
has a mean diameter of 1.8 mm; the radiculomeningeal arter-
ies feeding spinal arteriovenous fistulas are typically inframil-
limetric (24). In contrast, the mean arterial diameter of the
celiac, splenic, and left gastric arteries is about 8, 6, and 4
mm, respectively (25); the diameter of normal pediatric coro-
nary arteries ranges between 2 and 5 mm (26). Spinal DSA
involves the same body regions as interventions in the chest,
abdomen, or pelvis. ASG removal should thus be effective in
a wide range of diagnostic and interventional procedures. In a
recent study of the benefits of grid removal on routine biliary
interventions, Cortis et al (27) noted a 39% dose reduction,
with no effect on procedural duration and outcomes. They
emphasized the importance of dose optimization during in-
terventions frequently repeated in the same patient. Future
studies investigating the quality of images obtained without

radiology.rsna.org = Radiology: Volume 295: Number 2—May 2020
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Spinal digital subtraction angiograms in a 65-year-old man with

Figure 4:
progressive myelopathy. Injection of the left T3 intersegmental artery shows small

radiculomeningeal arteries supplying a spinal dural arferiovenous fistula (arrow-
head) as well as the dilated and serpiginous perimedullary draining veins (arrows)
(a) with and (b) without antiscatter grids. The feeding arteries and draining veins
are well appreciated in both injections. Anfiscatter grid removal reduced both air
kerma and dose-area product from 49 mGy and 315 uGy/m?to 33 mGy and
210 nGy,/m?, respectively (33% reduction for both).

ASGs during thoracic, abdominal, and pelvic procedures
should help widen the scope of this simple dose-reduction
technique.

Our study had limitations. Contrast material injections
for all test acquisitions were performed by hand (by one op-
erator who was not blinded to the acquisition type), and al-
though extreme attention was paid to keep the volume and
injection pressure identical (as can be observed in the consis-
tent degree of opacification of studied structures in images
with and those without ASG), this mode of administration is
not as reproducible as automatic pump injection. Hand in-
jections were still preferred because they are considered safer
in our practice. Furthermore, all injections being performed
by the same operator could limit generalizability. The patient-
to-detector distance, which plays a role in the attenuation of
scattered radiation, was not recorded; this factor is mitigated
by our routine practice of keeping the patient-to-detector dis-
tance as short as possible and by the fact that the detector was
not moved between the two test acquisitions. We acknowl-
edge that subjective image quality is a weaker measure than
diagnostic accuracy. Nevertheless, correct categorization of
findings independently of grid status indirectly demonstrates
acceptable accuracy irrespective of the presence of the grid.
For practical purposes, we decided to provide readers with
40 images from 20 participants. Although selection bias was
avoided by randomly choosing images from 10 participants

Radiology: Volume 295: Number 2—May 2020 = radiology.rsna.org

a. b.

Figure 5:  Spinal digital subtraction angiograms in a 52-year-old man with a
hypervascular vertebral mefastasis. Injection of the left T12 intersegmental artery
shows tumoral blush and the artery of Adamkiewicz (arrow) (@) with and (b) without
antiscatter grids. The tumoral blush and the radiculomedullary artery arising from the
intersegmental artery supplying the tumor are clearly appreciated in both injections.
Antiscatter grid removal reduced both air kerma and dose-area product from 60
mGy and 457 wGy/m? to 32 mGy and 249 wGy,/m?, respectively (46% reduc-
tion for both).

in the “no abnormality” group and 10 participants in the
“abnormality” group, the images do not represent our entire
sample. Although care was taken to provide readers with rep-
resentative images at the time of maximum opacification of
the key finding, readers were not given the entire dynamic
DSA acquisition. This limited the evaluation to a portion of
the study angiogram. Finally, our study exclusively addresses
radiation produced during DSA acquisitions, not during
pulsed fluoroscopy. However, it can be assumed that gridless
fluoroscopy offers benefits akin to those of gridless angiogra-
phy, as suggested in prior studies (6,17).

Radiation protection strategies, in agreement with the "as low
as reasonably achievable” principle, should help angiographers
aim for diagnostic value over aesthetic satisfaction (16,28-34).
Our study shows that antiscatter grid removal during spinal
digital subtraction angiography depicts subtle vascular structures
with a mean dose reduction of 30%, without significant loss of
image quality; irrespective of participants’ body mass index. In
the future, gridless angiography may also have broader applica-
tions, notably regarding diagnostic and interventional proce-
dures involving the chest, abdomen, and pelvis.
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