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Abstract

Background: Radiolucent head immobilization (RHI) devices have recently been introduced to the neurovascular space for
the purpose of procedural efficiency and safety. However, limited data exists to support its efficacy. In this study, we
assessed the potential benefits of RHI. We hypothesized that RHI use is associated with improved procedural efficiency
without loss of angiographic image quality or increase in radiation exposure.

Methods: A single-institution single-physician retrospective cohort study of patients who underwent cerebral digital
subtraction angiography (DSA) or middle meningeal artery embolization (MMAE) under conscious sedation over a |-year
period was conducted. Comparative analyses of fluoroscopy time, image quality, and radiation dosage were performed.
Results: Significantly shorter fluoroscopy times were observed for patients with RHI undergoing DSA (p <0.05) and bilat-
eral MMAE (p <0.05). There was no significant difference in fluoroscopy time for patients undergoing a unilateral MMAE.
No difference was found in total radiation dose between patients with RHI compared to patients without RHI. A blinded
image quality comparison found no differences in image quality or presence of artifact upon review of DSA images.
Conclusion: Use of RHI devices was associated with significantly lower fluoroscopy times for DSA and bilateral MMAE
without sacrificing image quality. RHI may prove beneficial for decreasing procedural times, particularly during longer,
conscious sedation procedures.
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procedural records of cerebral diagnostic angiograms and
MMAE, evaluating procedural times, patient radiation expos-
ure, and angiographic image quality metrics in procedures
with RHI devices compared to those without. We hypothe-
sized that use of RHI devices increased procedural efficiency
without compromise of angiographic image quality, diagnos-
tic ability, or patient radiation exposure.

Introduction

Endovascular treatment of neurovascular diseases has grown in
the past two decades due to its cost, mortality, and morbidity
reduction and has since become a “gold-standard” treatment
for many pathologies.' Procedure times and radiation expos-
ure are two important considerations for neurointerventional-
ists and patients alike.> Minimizing radiation exposure and
procedure time decreases the potential for radiation-induced
injury and disease’ and the risk of periprocedural
complications such as hematomas or silent embolisms asso-
ciated with longer procedural times.>® Radiolucent head
immobilization devices (RHIs) purport to reduce patient move-
ment and improve imaging quality and procedural workflow.
The improved procedural workflow is thought to be due to
decreasing need for repeated runs and roadmaps and allowing
for easier wire manipulation. However, limited data exists to
support these claims.

Methods

Study design and participants

This study was reviewed by the Institutional Review Board
and informed consent was waived as minimal risk for
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Here, we present a pilot study on the efficacy of RHIs using
our institution’s experience before and after installation of an
RHI. We analyzed digital subtraction angiography (DSA) and
middle meningeal artery embolization (MMAE) in this evalu-
ation as these procedures at our institution are frequent and
undergo a standardized radiographic and anesthetic protocol
with few reported intraoperative complications. We reviewed
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patients was anticipated. The REporting of Studies
Conducted Using Observational Routinely-Collected
Health Data (RECORD) statement guided study design and
reporting.” Patients who underwent DSA and MMAE at a
single center by a single physician between January 1,
2023 and February 1, 2024, were retrospectively reviewed.
Study information was collected from procedures 6 months
prior to installation of an RHI (Adept Medical Head
Immobiliser; Adept Medical, Auckland, New Zealand) and
6 months after installation. Patients were separated into rele-
vant DSA and MMAE subgroups for comparison. Patient
demographics (age, sex, pathology of interest), procedural
data (access, laterality), and radiographic data (number of
vessels imaged, fluoroscopy time, air kerma at reference
point—K, ;, dose area product—KAP) were collected from
the electronic health record.

Procedural protocol

All patients included in this study received monitored anes-
thesia care (MAC) under conscious sedation while undergo-
ing DSA or MMAE. All angiography was completed using
an ARTIS icono biplane system (Siemens Healthineers,
Erlangen, Germany). Prior to implementation of RHI, patient
heads were immobilized using a foam donut and tape. Head
immobilization at our institution now utilizes the Adept Head
Immobiliser (Adept Medical, Auckland, New Zealand) per
the manufacturer’s protocol. The Adept Head Immobiliser
is carbon-fiber-winged hood with an aluminum equivalence
of 2.23 mm containing radiolucent beads. The device is
reusable with a one-time cost and no disposable components.
It secures to a base board with a strap at the forehead and suc-
tion is used to remove air and stiffen the apparatus, securing
the patient’s chin and forehead (Figure 1). An adjustable joint
allows for positioning of the patient with head and neck flex-
ion/extension.

At our institution, diagnostic cerebral angiography is
completed via a transradial approach, where possible, via 5
French access. Conscious sedation, using analgesic medica-
tions, is administered at the beginning of procedure and not
regularly readministered. Roadmap sequences are used to
select second-order vessels. DSA is completed in anteropos-
terior and lateral views in each target vessel. MMAE is com-
pleted, where possible, using 6 French transradial access.
Angiography is conducted using a Simmons catheter, regard-
less of radial or femoral access. MAC anesthesia (utilizing
analgesic and sedative medications) is administered at the
beginning of procedure and not regularly readministered.
Our standard procedure includes particle embolization of
intracranial middle meningeal artery branches followed by
coil embolization of the middle meningeal artery trunk. All
patients undergo preembolization digital subtraction
sequences of the ipsilateral internal carotid artery, external
carotid artery (ECA) and intracranial middle meningeal
artery as well as postembolization follow-up digital subtrac-
tion sequences of ECA and common carotid artery.

Image review

A randomized sample of DSA images was independently
reviewed by two readers (fellowship-trained

neuroradiologists with more than 20 years of experience).
A random number generator was used to select 10 patients
from both the pre- and postinstallation DSA cohorts as rep-
resentative images for quality comparison, representing
20% of each cohort. Images were read on a professional
digital imaging and communications in medicine viewer
(InteleViewer, Intelerad Medical Systems, Montreal,
Canada). Readers were blinded to clinical history for scoring.

Scoring of images was performed as described previ-
ously.® Each reader scored overall large vessel (M1/M2 seg-
ments of the middle, P1/P2 segments of the posterior, A1/A2
segments of the anterior, internal carotid, and basilar cerebral
arteries) image quality, overall small vessel (M3/M4 seg-
ments of the middle cerebral artery) image quality, and the
presence of artifacts affecting arterial evaluation.

A 4-point scale was used for image grading:
1—*“nondiagnostic,” image quality inadequate for diagnosis;
2—"“fair,” image quality marginally acceptable for diagnosis;
3—"“good,” image quality adequate for confident diagnosis;
and 4—*“excellent,” image quality providing highly confi-
dent diagnosis. Image artifacts were assessed using a 4-point
scale: 1—*“severe” artifact affecting diagnosis; 2—
“moderate” artifact not affecting diagnosis; 3—"“minor” arti-
fact not affecting diagnosis; and 4—"“no artifact” affecting
diagnosis. Scores were then averaged to provide an overall
rating. If artifacts were present, readers attributed them to
either “motion” or “visualization of device,” multiple artifact
types could be selected for a single data set.

After scoring, retrospective unblinded side-by-side review
was done independently by each reader at the locations of
vascular pathology. Readers then evaluated whether retro-
spective analysis of imaging agreed with the noted
pathology.

Statistical analyses

Standard descriptive statistics (mean, standard deviation
(SD), count) were used to summarize results, and all data
are presented as mean + SD. Radiographic data for the
DSA cohorts were normalized per vessel count to account
for intragroup variability in pathology complexity. Vessel
number and image quality assessment data were compared
by Wilcoxon signed-rank tests due to nonparametric data.
Spin proportion, laterality proportion, and type of access
data were assessed by two-proportion Z-tests. All other
data was assessed by Welch’s unpaired #-test of unequal vari-
ance. Significance was defined as a p<0.05. Multivariate
regression was performed to analyze confounding effects
of age, access, vessel number, and usage of subtraction
spin protocol on radiation time. Log transformation of radi-
ation times was conducted due to heteroscedasticity of data
and violation of assumptions for regression analysis.
Analyses were performed using R (version 4.2.2, The R
Foundation for Statistical Computing, Vienna, Austria).

Results

Study population

A total of 108 patients were identified for review including
69 patients undergoing DSA and 39 undergoing MMAE.
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Figure |. Photo depicting usage of the headholder from the (a) anteroposterior and (b) lateral perspectives.

Table |. Procedure data for patients undergoing DSA with and without RHI.

Without RHI (n=37) With RHI (n=32) p-Value

Mean age (years) 61.3 53 0.0l
% Radial access 78.1 73.6 0.584
Median vessels imaged 3 3 0.399
Mean fluoroscopy time (min) 3.1 25 0.040
Normalized mean K, (mGy) per vessel 143.89 122.24 0.093
Normalized mean KAP (uGy cm?) per vessel 1899.08 1680.84 0319
DSA: digital subtraction angiography; RHI: radiolucent head immobilization; KAP: kerma at reference point.
Statistically significant p-values are noted in bold.
Table 2. Image quality data.

Large vessel Small vessel Overall
Reader

Without RHI  With RHI  p-Value  Without RHI ~ With RHI  p-Value  Without RHI  With RHI  p-Value
I 4+0 4+0 1.00 3.75+071 4+0 0.38 3.88+05 4+0 0.38
2 3.88+0.35 4+0 0.38 3.88+0.35 4+0 0.38 3.88+0.34 4+0 0.38
Reader average 3.97 +0.18 4+0 0.38 3.81+0.53 4+0 0.38 3.88+0.39 4+0 0.38

RHI: radiolucent head immobilization.

The DSA cohort consisted of 32 patients undergoing DSA
without RHI and 37 patients undergoing DSA with RHI.
The MMAE cohort consisted of 20 patients undergoing the
procedure without RHI and 19 patients undergoing the pro-
cedure with RHIL

Digital subtraction angiography
DSA data are summarized in Table 1. Mean ages were 61.3 +
10.5 and 53 +15.7 in the with and without RHI cohorts,

respectively (p=0.01). There was no difference in use of
radial access across cohorts. Median number of vessels

imaged both with and without RHI was 3. Cerebral angio-
grams completed with RHI demonstrated significantly
decreased mean fluoroscopy time per vessel compared to
patients without RHI, 2.5 + 1.2 versus 3.1 + 1.3 min per ves-
sel respectively (p =0.04). No difference was found in radi-
ation dose across cohorts, although a modest trend was seen
towards a reduction of radiation dosage per vessel (p =0.09).
There was no significant difference of image quality
(Table 2) and presence of artifact (Table 3) based on blinded
review. Mild device-related artifacts may be present on
unsubtracted images, but this effect is mitigated by digital
subtraction for final images (Figure 2). Accuracy of
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pathology diagnosis was not impacted by use of the RHI
(Table 4). Multivariate regression analysis used RHI and
access site as predictors of the normalized time per vessel.
Age was identified as a statistically significant covariate
with only a modest impact. Access site and use of RHI’s
impact were much greater, with an effect size of a 23.8%
and 20.1% increase compared to the 0.82% increase for age.

Middle meningeal artery embolization

MMAE data are summarized in Table 5. No significant dif-
ferences were identified in age or use of radial access. No sig-
nificant difference in fluoroscopy time cohorts was identified
in patients undergoing unilateral MMAE without and with-
out RHI (p =0.942), however, patients undergoing bilateral

Table 3. Artifact scoring data.

embolization with RHI demonstrated significantly decreased
fluoroscopy times compared to without RHI, 40.6 +12.1 and
50.6 + 12.5 min, respectively (p =0.049). No difference was
found in radiation dose across cohorts.

Discussion

In this study, we report our institution’s experience with RHI
during neuroendovascular procedures. Two comparative
analyses were performed, one in patients undergoing DSA
and one for patients undergoing MMAE. We demonstrate
that use of RHI led to statistically significant decreases in
fluoroscopy times with no differences in image quality or
artifact.

Table 4. Pathology diagnosis scores.

Reader Without RHI With RHI p-Value Reader Without RHI With RHI P-Value
| 3.50+0.76 3.88+0.35 0.27 | 3.75+£0.7 4.00£0.00 0.38
2 3.38+0.52 3.50+0.53 0.67 2 3.88+0.35 3.88+0.35 1.00
Reader average 3.44+0.56 3.69+0.37 0.40 Overall 3.81+053 3.94+0.18 1.00

RHI: radiolucent head immobilization.

RHI: radiolucent head immobilization.

Figure 2. Photo showing unsubtracted imaging with the device intraoperatively. Mild artifact can be seen (arrows). This effect is not

present on digitally subtracted images.
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Table 5. Procedure data for patients undergoing MMAE with and without RHI.

Unilateral

Bilateral

Without RHI (n=14) With RHI (n=14) p-Value Without RHI (1=6) With RHI (1=5) p-Value

Mean age (years) 75.7 783
% Radial access 71 50

Mean fluoroscopy time (min) 28.0 27.8
Mean K, (mGy) 477.9 560.1
Mean KAP (uGy cm?) 10760.3 11601.8

0.595 734 74.1 0.853
0.220 100 100 1.000
0.942 50.6 40.6 0.049
0.106 885.7 898.0 0.931

0.510 19019.8 18146.2 0.796

MMAE: middle meningeal artery embolization; RHI: radiolucent head immobilization; KAP: kerma at reference point.

Statistically significant p-values are noted in bold.

In our comparative analysis of patients undergoing DSA,
the use of RHI devices significantly reduced the mean fluor-
oscopy time per vessel (2.5 vs. 3.1 min per vessel, p =0.04).
Mean fluoroscopy time, both overall and per vessel, has been
previously established as a marker for procedural efficiency
and duration.”!' Reducing procedural length has important
clinical and economic implications, including lower costs
for patients, improved comfort and satisfaction, and the
probability for successful recanalization/therapy.'*">
Additionally, fluoroscopy time has been identified as a pre-
dictive marker for thrombotic complications, periprocedural
adverse events, and procedural failure.'%!®

Although a significant difference in age was observed
between cohorts (53 vs. 61 years), both groups remain rela-
tively young, making it unlikely that this influenced vessel or
procedural complexity. Notably, age-related comorbidities
affecting vessel tortuosity, procedural complexity, and com-
plication risk are more commonly reported in patients aged
65 years or older.'”*° Furthermore, no differences were
observed in treatment modality (radial vs. femoral access)
or the number of treated vessels, suggesting procedural con-
sistency across groups.

We assessed diagnostic image quality to evaluate whether
RHI impacted diagnostic accuracy during DSA. While lim-
ited studies have examined immobilization devices in lower
extremity arteriography and interventions, no data specific-
ally addresses the impact of head immobilization devices.
Existing reports highlight concerns regarding patient com-
fort, operator usability, and potential interference with image
intensifier positioning or artifact creation.?'** In our
blinded-image review by two fellowship-trained neuroradiol-
ogists, we found no significant differences in image quality
(p=0.38) or artifact presence (p =0.4). While RHI did not
result in improved image quality, it also did not compromise
it, nor did it introduce any imaging artifacts. RHI did not
impact the ability to produce an accurate diagnosis.

In our analysis of MMAE, we evaluated total fluoros-
copy times and radiation dosages for patients undergoing
unilateral and bilateral MMAE. While RHI had no impact
on fluoroscopy times for unilateral MMAE, its use was
associated with a significant reduction in fluoroscopy time
for bilateral MMAE (40.6 vs. 50.6 min, p=0.049). We
hypothesize that this effect may be related to institutional
sedation/analgesia protocols, specifically the administration
of medicines at the start of the procedure without regular
readministration. This finding suggests that RHI may pro-
vide greater benefits for patients undergoing longer proce-
dures under MAC.

In both our DSA and MMAE cohorts, total radiation
dosages were not significantly affected by the introduction
of RHI, despite reductions in fluoroscopy time. We hypothe-
size that this is due to differences in radiation exposure
between subtracted and unsubtracted fluoroscopy.
Evaluation of our radiation dosing suggests that up to 88%
and 73% of the total radiation dose is delivered during sub-
tracted fluoroscopy for DSA and MMAE, respectively.
Only 12% (DSA) and 27% (MMAE) of total dosage is attrib-
uted to nonsubtracted fluoroscopy. This suggests that DSA
imaging, which remained consistent across pre- and
post-RHI cohorts for both the DSA and MMAE wings of
this study, is the primary contributor to overall radiation
exposure. Therefore, the potential benefit of RHI in reducing
radiation dose is likely limited to the unsubtracted fluoros-
copy phase, particularly during vessel selection and catheter
manipulation. Importantly, the implementation of RHI did
not lead to a significant increase in radiation exposure.

Our multivariate regression analysis identified usage of
the device, access, and laterality as having strong impacts
on radiation time. In the DSA arm of our study, usage of
the device and laterality had effect sizes of a 20.1% decrease
for patients with RHI and 23.8% increase for radial access. In
the MMAE arm, laterality had the strongest predictive
strength, as unilateral access led to 45% decreases in radi-
ation time. While age was found to be a significant independ-
ent variable in our regression, its effect is modest in
comparison and only leads to a 0.82% and 0.15% increase
in radiation time for DSA and MMAE, respectively.

While this study suggests that RHI may offer benefits dur-
ing neuroendovascular procedures, it has several limitations.
Primarily, our analysis focuses on two procedures that are rela-
tively straightforward to perform under MAC anesthesia.
More complex intracranial interventions, such as aneurysm
or arteriovenous embolizations, were not evaluated, and RHI
may not provide sufficient immobilization to eliminate the
need for general anesthesia in these cases. As this was a pilot,
proof-of-concept study on RHI efficacy, our sample size is
small and limited to a single institution and a single physician,
which may affect generalizability and does not account for
interoperator or interprocedure variability. The low sample
size in this study is unable to meet the large number of patients
required for a fully powered statistical analysis.

Conclusion

In this retrospective analysis of 108 neurointerventional pro-
cedures performed at our institution, use of an RHI was
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associated with significantly lower fluoroscopy times for
cerebral angiography and bilateral MMAE. There was no
significant loss of image quality and no presence of artifact.
These findings suggest that RHI may prove beneficial for
decreasing procedural times, particularly during longer con-
scious sedation procedures, without detracting from overall
image quality despite its density. In this experience, decrease
in fluoroscopy times did not correlate with a significant
decrease in overall radiation dosage and is likely attributed
to the larger contribution of subtracted imaging to total
dose product.

Acknowledgments

The authors would like to thank Kevin Gandhi for his contributions
to this manuscript.

ORCID iDs
Nicholas G Lam () https:/orcid.org/0000-0001-7146-1523
William J Ares https:/orcid.org/0000-0002-0978-074X

Ethics approval and informed consent

The Ethics Committee of the NorthShore University Health System/
Endeavor Health waived the need for ethics approval and patient
consent for the collection, analysis, and publication of the retro-
spectively obtained and anonymized data for this noninterventional
study.

Funding

The authors disclosed receipt of the following financial support for
the research, authorship, and/or publication of this article: The Segal
Family Foundation provides grant support for the Segal Family
Internship in Cerebrovascular Medicine.

Declaration of conflicting interests

The authors declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Data availability
De-identified data is available upon reasonable request.

References

1. Higashida RT, Lahue BJ, Torbey MT, et al. Treatment of
unruptured intracranial aneurysms: a nationwide assessment
of effectiveness. AJNR Am J Neuroradiol 2007; 28: 146—-151.

2. Molyneux A, Kerr R, Stratton I, et al. International subarach-
noid aneurysm trial (ISAT) of neurosurgical clipping versus
endovascular coiling in 2143 patients with ruptured
intracranial aneurysms: a randomised trial. Lancet 2002; 360:
1267-1274.

3. Dimitrios X, Ghozy S, Christina C, et al. The effect of opera-
tor’s experience on mechanical thrombectomy outcomes: a
systematic review. Interv Neuroradiol 2023; 31: 121-127.

4. Hirshfeld JW, Balter S, Brinker JA, et al. ACCF/AHA/HRS/
SCALI clinical competence statement on physician knowledge
to optimize patient safety and image quality in fluoroscopically
guided invasive cardiovascular procedures: a report of the
American College of Cardiology Foundation/American Heart
Association/American College of Physicians Task Force on
clinical competence and training. Circulation 2005; 111:
511-532.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Dion JE, Gates PC, Fox AJ, et al. Clinical events following
neuroangiography: a prospective study. Stroke 1987; 18:
997-1004.

Bendszus M, Koltzenburg M, Burger R, et al. Silent embolism
in diagnostic cerebral angiography and neurointerventional
procedures: a prospective study. Lancet Lond Engl 1999;
354: 1594-1597.

Benchimol EI, Smeeth L, Guttmann A, et al. The REporting of
studies conducted using observational routinely-collected
health data (RECORD) statement. PLoS Med 2015; 12:
e1001885.

Koktzoglou I, Ozturk O, Walker MT, et al. Quantitative
time-of-flight head magnetic resonance angiography of cerebro-
vascular disease. ./ Magn Reson Imaging JMRI2025;61:404-412.
Wilkinson DA, Majmundar N, Catapano JS, et al. Transradial
cerebral angiography becomes more efficient than transfe-
moral angiography: lessons from 500 consecutive angiograms.
J Neurointerventional Surg 2022; 14: 397-402.

Tajti P, Ayoub M, Nuehrenberg T, et al. Association of prolonged
fluoroscopy time with procedural success of percutaneous coron-
ary intervention for stable coronary artery disease with and with-
out chronic total occlusion. J Clin Med 2021; 10: 1486.

Sweid A, Das S, Weinberg JH, et al. Transradial approach for
diagnostic cerebral angiograms in the elderly: a comparative
observational study. J Neurointerventional Surg 2020; 12:
1235-1241.

Scullen TA, Lian MX, Jaikumar V, et al. First reported series of
cerebral angiography performed at an outpatient center: safety
and satisfaction results. Neurosurgery 2025; 96: 539-544.
Findlay MC, Baker CM, Childs S, et al. Analysis of treatment
cost differences in patients undergoing femoral versus radial
access in outpatient diagnostic cerebral arteriograms. Interv
Neuroradiol 2023: 15910199231207408.

Wassélius J, Hall E, Ramgren B, et al. Procedural factors asso-
ciated with successful recanalization in patients with acute
ischemic stroke treated with endovascular thrombectomy—a
nationwide register-based observational study. [Interv
Neuroradiol 2024: 15910199241248268.

De Mase A, Spina E, Servillo G, et al. Some minutes matter
more: groin-to-recanalization is the main time-related predictor
of outcome in acute ischemic stroke. Interv Neuroradiol 2024:
15910199241282714.

Raychev R, Tateshima S, Vinuela F, et al. Predictors of throm-
botic complications and mass effect exacerbation after pipeline
embolization: the significance of adenosine diphosphate inhib-
ition, fluoroscopy time, and aneurysm size. Interv Neuroradiol
J Peritherapeutic Neuroradiol Surg Proced Relat Neurosci
2016; 22: 34-41.

Ciurica S, Lopez-Sublet M, Loeys BL, et al. Arterial tortuosity.
Hypertension 2019; 73: 951-960.

Barker FG, Amin-Hanjani S, Butler WE, et al. Age-dependent
differences in short-term outcome after surgical or endovascu-
lar treatment of unruptured intracranial aneurysms in the
United States, 1996-2000. Neurosurgery 2004; 54: 18-28.
discussion 28-30.

Winkelmeier L, Kniep H, Faizy T, et al. Age and functional out-
comes in patients with large ischemic stroke receiving endovas-
cular thrombectomy. JAMA Netw Open 2024; 7: €2426007.
Lam RC, Lin SC, DeRubertis B, et al. The impact of increasing
age on anatomic factors affecting carotid angioplasty and stent-
ing. J Vasc Surg 2007; 45: 875-880.


https://orcid.org/0000-0001-7146-1523
https://orcid.org/0000-0001-7146-1523
https://orcid.org/0000-0002-0978-074X
https://orcid.org/0000-0002-0978-074X

Lam et al. 7

21. Francis IS, Dodge GS and Platts AD. The bead bag immobil-  23. Bale RJ, Lottersberger C, Vogele M, et al. A novel vacuum
ization device. Br J Radiol 1999; 72: 889-890. device for extremity immobilisation during digital angiog-

22. Greenwood LH, Proto MH and Morse SS. Plastic-wrap restraint for raphy: preliminary clinical experiences. Eur Radiol 2002; 12:
lowerextremity arteriography. AJ/R AmJRoentgenol 1987;149:1082. 2890-2894.



	 Introduction
	 Methods
	 Study design and participants
	 Procedural protocol
	 Image review
	 Statistical analyses

	 Results
	 Study population
	 Digital subtraction angiography
	 Middle meningeal artery embolization

	 Discussion
	 Conclusion
	 Acknowledgments
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


