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Abstract
Background: Alzheimer’s disease (AD) manifests as an insidiously progressive neurodegenerative pathology, wherein

the current therapeutic armamentarium remains constrained to symptomatic management, highlighting an urgent need

for innovative therapies.

Objective: This meta-analysis systematically conducts an assessment of the safety and efficacy of focused ultrasound

(FUS)-mediated reversible blood-brain barrier opening (BBBO) in AD, while further exploring its potential associations

with cognitive function and amyloid-β (Aβ) deposition in patients.

Methods: PubMed, Embase, CNKI, Cochrane Library, and Web of Science were searched in this study. The study proto-

col has been registered with PROSPERO (registration number, CRD42024585286). ROBINS-I tool was used to assess the

risk of bias, followed by further data analysis.

Results: Fifty-seven AD patients from eight distinct clinical studies were systematically incorporated into the meta-ana-

lytical framework. The time span was from 2018 to 2023. After FUS-mediated BBBO, the analysis demonstrated signifi-

cant outcomes of FUS for both safety (OR: 0.88; 95% CI: 0.75–0.98, p < 0.01) and efficacy (OR: 0.91; 95% CI: 0.61–1.00, p
< 0.01). There was no deterioration of cognitive function after surgery, and the observed adverse events were minor and

temporary in nature.

Conclusions: This meta-analysis underscores the potential of FUS as a non-invasive, safe, and effective method for

enhancing BBB permeability in AD patients, offering a promising avenue for targeted drug delivery and disease modifica-

tion. Future multicenter studies with larger sample sizes and standardized methodologies are warranted to confirm these

results and explore the integration of FUS with existing and emerging AD therapies.
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Introduction
Alzheimer’s disease (AD) is a progressively debilitating
neurological syndrome, with aging and genetic predispos-
ition recognized as significant risk factors.1 The condition
is primarily characterized by gradually worsening cognitive
abilities and memory impairment.2 Despite extensive
research, there is still no curative treatment available.
Current therapeutic options offer only symptomatic relief
without halting or reversing disease progression.1 The
blood-brain barrier (BBB) is a key hurdle in effectively deli-
vering drugs to the brain, making it a major challenge in
treating AD. Safely and effectively opening the BBB to
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enable targeted drug transport remains a critical area of
investigation.3,4

The emergence of focused ultrasound-mediated blood-
brain barrier opening (FUS-BBBO) technology has
brought new hope to solve this problem. Focused ultra-
sound (FUS) is a non-invasive neurosurgical technique
commonly used for imaging and diagnosis. It mainly
increases the permeability of the BBB through thermal,
mechanical and cavitation effects on cells and tissues. The
synergistic combination of intravascular microbubbles
(MBs) with transcranial FUS enables more efficient BBB
disruption, which can not only promote a greater opening
of the BBB but also reduce the sound power required to
affect the BBB permeability, making it safer and achieving
a greater degree of effective drug delivery.5,6 This non-
invasive method improves the efficiency of drug delivery
to the brain without harming the surrounding tissue,
thereby opening up new prospects for AD treatment. The
feasibility of employing FUS-BBBO for therapeutic agent
delivery has been investigated across preclinical models
and clinical research settings, and its safety and effective-
ness have been partially validated.7

As research on FUS-BBBO advances, its potential
effects on cognitive function and amyloid-β (Aβ) have
increasingly become a central focus of investigation.
Preclinical evidence suggests that FUS-BBBO may exert
beneficial effects on cognitive function when ultrasound
parameters are precisely adjusted.8,9 Furthermore, studies
in mouse models have demonstrated that FUS-BBBO
enhances Aβ clearance.10,11 However, the effects of
FUS-BBBO on human cognitive function and Aβ remain
inconclusive.

The safety and efficacy of FUS-BBBO, as well as its
potential to enhance cognitive performance and reduce Aβ
levels in AD cases, still require further elucidation.
Consequently, a comprehensive analysis of existing litera-
ture was performed to assess both safety and effectiveness
profiles of FUS-BBBO and to explore the feasibility of its
potential therapeutic value.

Methods
This systematic review and meta-analysis was registered
(CRD42024585286) in PROSPERO. This study follows
the Preferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) guidelines.

Study selection
We screened the literature published in PubMed, Embase,
CNKI, Cochrane Library, and Web of Science dated 2015–
2024. Inclusion criteria for studies are as follows: (1) The
study must be a clinical trial. (2) Eligible participants must

fulfill current international diagnostic standards for AD, as
described by either: the National Institute of Neurological
and Communicative Disorders and Stroke-Alzheimer’s
Disease and Related Disorders Association (NINCDS-
ADRDA) Working Group criteria,12 National Institute on
Aging-Alzheimer’s Association (NIA-AA) Working Group
criteria13 or Diagnostic and Statistical Manual of Mental
Disorders (DSM) series criteria.14,15 Studies that did not expli-
citly specify diagnostic criteria were still included if AD diag-
nosis was confirmed through clinician assessment and
neuroimagingfindings. (3) Sample sizen≥ 5. (4) For the com-
putation of effect size metrics—specifically odds ratios (OR)
and weighted mean differences (WMD)—studies were
required to provide complete datasets meeting predetermined
quantitative thresholds.

The study applied rigorous methodological filters, elim-
inating: (1) secondary literature (reviews, editorials, letters);
(2) preliminary research (conference abstracts, unpublished
data); (3) limited evidence sources (case reports); (4) pre-
clinical investigations (animal/cellular studies); (5) incom-
plete datasets.

Information source and search strategy
Two independent researchers conducted a literature search,
beginning with a review of abstracts and titles against the
inclusion criteria. They utilized EndNote to delete irrelevant
data, retaining only the most recent or comprehensive
studies in cases of overlap. After further assessment of the
full-text papers, a third expert was consulted to resolve
any disagreements. To ensure consensus, a group analysis
and data extraction were performed on the selected
studies, following a process akin to a PRISMA flowchart.

Each study’s essential characteristics were meticulously
documented, including the investigator’s name, study
design, publication date, sample demographics, AD sever-
ity, follow-up duration, effectiveness indicators, and post-
operative adverse events.

Quality assessment
ROBINS-I assesses the risk of bias by the comparative
effectiveness of treatments in studies that do not utilize ran-
domization to allocate units to control groups.16 Introduce
seven areas of prejudice. The first two sections, which
include confounding and the selection of research partici-
pants, address the concerns to be compared before the inter-
vention begins (the “baseline”). The final aspect is the
categorization of interventions themselves. The next four
topics address post-intervention issues: bias owing to devi-
ation from the planned intervention, incomplete data
records, outcome assessment, and selective reporting of
results.
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Statistical analysis
Certain data in this meta-analysis were collected and statis-
tically analyzed using Stata software (version 15.1).
Discontinuous variables were summarized as standardized
mean differences (SMD) with corresponding 95% confi-
dence intervals (CI). Heterogeneity was quantified
through the chi-square test and I² statistics. There was stat-
istical heterogeneity (I2 > 50% and p < 0.05), suggesting
that applying a random effects model is feasible. The
study also conducted sensitivity and subgroup analyses to
identify potential sources of heterogeneity. To evaluate
publication bias, funnel plots were used along with
Egger’s test, setting the significance threshold at p <
0.05.17 Additionally, the trim-and-fill method was applied
to examine the potential impact of publication bias.18 For
additional analyses, the remaining portion of the data was
processed using Review Manager (RevMan) software
(version 5.3 for Windows). Continuous variables were com-
pared using WMD, and binary variables were analyzed
using OR, with both reported alongside 95% confidence
intervals. Heterogeneity was again assessed through chi-
square tests, with I² values quantifying its degree.
Statistical significance thresholds for heterogeneity were
established as a chi-square p-value < 0.05 or I² > 50%.

Results

Search strategy and screening
After the initial search, we identified 390 potential studies.
After addressing duplicates, 217 studies remained. We then
applied our predefined inclusion and exclusion criteria to
screen the abstracts. Following a full-text review and refer-
ence check of 14 publications, we included 8 studies in our
meta-analysis (Figure 1).19–26 These studies encompassed a
total of 57 participants with AD.

Baseline characteristics
The eight trials included 57 AD patients who underwent
FUS-BBBO surgery. Among these patients, 24 were
male. Notably, while the studies were conducted across
various countries, 30 participants were from the United
States (Table 1).

Risk of bias assessment
The ROBINS-I evaluation’s findings revealed that 2 studies
(25.0%) had a low risk of bias,20,26 2 studies (25.0%) exhib-
ited significant bias,21,25 and the remaining studies (50.0%)
demonstrated a moderate risk of bias (Figure 2).19,22–24 It is
mainly reflected in the bias caused by missing data and the
selective reporting bias of results. Three studies exhibited
patient loss to follow-up and varying degrees of missing

data due to non-surgery-related illnesses,19,21,23 procedural
complications, or COVID-19 pandemic impacts, potentially
introducing missing data bias. In the studies by Lipsman
et al., Park et al., and Rezai et al.,19,22,24,25 outcomes were
not subjected to repeated measurements and analyses.
Furthermore, Rezai et al.’s study provided only abbreviated
reports on BBB patency, adverse events, and cognitive out-
comes.25 These limitations may contribute to selective
reporting bias in outcome interpretation.

As the quantitative overall score derived from the
ROBINS-I checklist has not yet been correlated with qualita-
tive categories, the indicators suggested by de Oliveira et al.
are employed.27 A study with a score greater than 80.0% is
considered ‘high quality’ (HQ), a score between 70% and
80.0% is ‘good quality’ (GQ), a score ranging from 50.0%
to 69.9% is ‘medium quality’ (MQ), and a score of less
than 50.0% is considered ‘low quality’ (LQ). Based on this,
2 studies were classified as good quality (GQ),20,26 4
studies were assessed as moderate quality (MQ),19,22–24

and 2 studies were rated as low quality (LQ).21,25 Because
the studies were non-randomized controlled trials, there is
no high quality in this classification (Supplemental Table 1).

Efficacy evaluation
A total of 8 studies (including 57 patients) provided data on
FUS-BBBO.19–26 Owing to the lack of a control group and
insufficient detailed data, a single-arm meta-analysis was
performed. Transient BBBO detected by magnetic reson-
ance imaging (MRI) was used as the primary outcome to
evaluate FUS-BBBO effectiveness. The analysis demon-
strated statistically significant efficacy of FUS-BBBO
(OR: 0.91; 95% CI: 0.61–1.00, P< 0.01), yet significant
heterogeneity was noted among studies (I2= 83.84%, p <
0.01) (Figure 3).

The asymmetry observed in the funnel plot (Supplemental
Figure 1) underwent assessment for publication bias using
Egger’s test, which showed no statistically meaningful bias
(p= 0.773) (Supplemental Figure 2A). However, the statis-
tical power of Egger’s test may have been limited by the
small sample size of the studies analyzed. (n < 10).28 To com-
prehensively evaluate potential publication bias, we further
applied the trim-and-fill method. This analysis demonstrated
that the relative effectiveness of FUS-BBBO increased to
2.175 (p < 0.001) after incorporating two hypothetical
studies (Supplemental Figure 2B). These findings suggest
the possible existence of publication bias in the current
research. However, this bias did not significantly affect the
validity of our primary conclusions.

Security assessment
Eight studies that included 57 patients in total provided
information on adverse events that occurred during and
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following FUS-BBBO surgery.19–26 Given the absence of
serious adverse events across included studies and consider-
ing the lack of control groups or incomplete data in some
investigations, we conducted a single-arm meta-analysis
of safety outcomes. The safety profile was defined as the
occurrence of minor adverse events during and after
FUS-BBBO procedures, including edema, headache,

microhemorrhage, erythema, mild cognitive impairment,
etc. The results demonstrated that the procedure’s safety
was statistically significant (OR= 0.88; 95% CI: 0.75–
0.98, p < 0.01). Meanwhile, a statistically small heterogen-
eity was observed among the trials. (I²= 21.22%,
p= 0.26) (Figure 4). Funnel plot analysis demonstrated a
symmetrical distribution of included studies, with no

Figure 1. PRISMA Flow Diagram shows the search and inclusion process of the meta-analysis.
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statistically significant publication bias detected
(Supplemental Figure 3).

Cognitive assessment results and aβ changes
We summarized the Mini-Mental State Examination
(MMSE) score data of four articles19,21,22,24 and no statistic-
ally significant changes from baseline (MD:−0.58; 95% CI:
−1.95–0.79, p= 0.40). Similarly, an analysis of the
Alzheimer’s Disease Assessment Scale-Cognitive
Subscale 14 (ADAS-cog14) score data from two
studies19,24 found that the change relative to the baseline
was not statistically significant (MD: −0.48; 95% CI:
−3.56–2.61, p= 0.76). This indicates that FUS-BBBO did
not lead to cognitive changes (Figure 5). The remaining
four studies were excluded from the statistical analysis of
cognitive function due to insufficient relevant data or the
presence of missing datasets.20,23,25,26

Three studies conducted by Park et al., Meng et al., and
Rezai et al. involved a total of 23 participants who received
amyloid positron emission tomography (PET) imaging
using the 18F-florbetaben tracer. The findings demonstrated
a decrease in aberrant Aβ accumulation in the brains of AD
patients post-surgery.22–24 In the work of Lipsman et al.,
18F-florbetaben amyloid PET scan was performed on 5 par-
ticipants, and it was reported that the operation did not sig-
nificantly affect the aberrant accumulation of Aβ in the
brain.19

Adverse events
Four of the 57 participants had edema. The occurrence of
edema was not statistically significant (event rate (ER): 0.04;
95% CI: 0.00–0.13, p= 0.07), and no significant statistical
heterogeneity was identified (I2= 0.00%, p= 0.66)
(Supplemental Figure 4). Additionally, research conducted
byLipsman et al. indicated that one of the five patients experi-
enced a temporary rise in the neuropsychiatric inventory ques-
tionnaire (NPI-Q) score, and two suffered microbleeds.19 In
the study of Bae et al., one of the six participants had mild
skin erythema, superficial cerebral hemorrhage, and MRI
abnormalities.21 In the studyofMengetal., oneof theninepar-
ticipants had headaches and two had mild cognitive confu-
sion.23 The above adverse events subsided during the
follow-up period or were resolved after correction. No
serious adverse events occurred in 8 studies.

Subgroup analysis and sensitivity analysis
In order to explore possible factors contributing to hetero-
geneity, we performed subgroup analyses based on study
quality scores in our meta-analysis. The results demon-
strated a statistically significant effect across all subgroups,
high-quality studies (I²= 0.0%, p= 0.001), moderate-
quality studies (I²= 0.0%, p < 0.001), and low-qualityT
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Figure 2. Collective data for risk of bias of all included studies, according to each domain. Green, red, and yellow indicated low, high,

and moderate risk of bias, respectively. Comprehensive analysis showed that two studies (25.0%) had low risk of bias, two studies

(25.0%) had high risk of bias, and four studies (50.0%) had moderate risk of bias.

Figure 3. Forest plot: the efficacy of focused ultrasound-mediated blood-brain barrier opening in Alzheimer’s disease. The plot shows
the significant correlation between focused ultrasound surgery and the imaging changes of blood-brain barrier opening in patients with

Alzheimer’s disease after the operation.
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studies (I²= 76.5%, p= 0.039) (Figure 6A). To confirm the
stability and reliability of our findings, the sensitivity ana-
lyses using the leave-one-out method were performed to

assess both the efficacy and safety outcomes of
FUS-BBBO (Figure 6B, Supplemental Figure 5).
Specifically, we systematically excluded individual

Figure 4. Forest plot: the security of focused ultrasound-mediated brain-blood barrier opening in Alzheimer’s disease. The plot shows
that focused ultrasound surgery is not related to the postoperative adverse reactions of patients with Alzheimer’s disease.

Figure 5. Forest plot: comparison of (A) MMSE and (B) ADAS-cog14 scores before and after blood-brain barrier opening surgery in

patients with Alzheimer’s disease. The figure shows that the relative baseline is not statistically significant, which indicates that focused

ultrasound-mediated blood-brain barrier opening technology does not lead to deterioration of cognitive function. MMSE: Mini-Mental

State Examination; ADAS-cog: Alzheimer’s Disease Assessment Scale-Cognitive Subscale.
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studies and re-evaluated the pooled effect size. The results
showed that the overall effect direction remained consistent
without reversal following the exclusion of any single
study, indicating minimal variation in effect magnitude
across different analytical scenarios and demonstrating con-
cordant contributions of individual studies to the final
conclusions.

Discussion
This meta-analysis establishes that FUS is a safe and effect-
ive non-invasive technique for opening the BBB in indivi-
duals suffering from mild to moderate AD. Expanding on a
prior systematic review that explored FUS in AD treatment
across animal and human models,29 our study incorporates
six additional papers and conducts a meta-analysis and het-
erogeneity analysis to reinforce these findings. The analysis
of pooled data from included studies (57 subjects) demon-
strated that FUS effectively mediated BBBO with post-
procedure closure within 24 h. The observed intraoperative
and postoperative adverse events (such as edema and head-
ache) occurred at low rates, with no statistical significance
observed. These findings collectively suggest a favorable
safety profile for FUS-BBBO. Stata 15.1 analysis revealed
significant heterogeneity in the efficacy of this study, poten-
tially attributable to variations in FUS parameters, with the
greatest divergence observed in a study employing low-
intensity transcranial-focused ultrasound (tFUS).26 Cognitive
outcomes (MMSE and ADAS-Cog scores) in 26 AD patients
showed no significant changes (without deterioration) before
and after the procedure, diverging somewhat from preclinical
findings. Meanwhile, Aβ deposition in BBB-opened regions
on PET remains controversial, necessitating further investiga-
tion and more comprehensive data.

Risk of bias
By referencing existing AD studies that applied the
ROBINS-I tool for quality assessment,30,31 we found that
although such single-arm trial-based research may carry
elevated bias risks, their conclusions still retain substantial
academic value and high credibility. In the current system-
atic review, our predefined search strategy did not identify
any eligible randomized controlled trials (RCTs) or before-
after studies that met the inclusion criteria. Among the eight
included single-arm studies, two showed a serious risk of
bias owing to incomplete outcome data and potential select-
ive reporting. Given these outcomes, subsequent research
endeavors should prioritize strict compliance with the meth-
odological framework prescribed by the Cochrane
Handbook, ensuring no deviation from evidence synthesis
protocols. For example, in non-randomized controlled trials
(non-RCTs), detailed information on controlling confounders
and handling missing data should be provided. Furthermore,
given the methodological limitations identified in the current
evidence base, we emphasize the current evidence base neces-
sitates more rigorous study designs to substantiate existing
observations and elevate the quality of available evidence to
meet contemporary research standards. Notably, RCTs
remain the gold standard for evaluating therapeutic interven-
tions. The establishment of FUS-BBBO’s clinical reliability
in ADmanagement necessitates multicenter RCT designs, par-
ticularly for definitive safety confirmation and intervention
outcome verification.

Safety and efficacy
In this study, we utilized Stata 15.1 to analyze both the
safety and efficacy of FUS-BBBO. Patwardhan et al. have
suggested potential adverse effects associated with

Figure 6. Figures of subgroup analysis and sensitivity analysis. (A) A plot of the subgroup analysis was stratified by study quality scores.

(B) The sensitivity analysis plot (Leave-One-Out approach) investigates heterogeneity and assesses the influence of individual studies on

pooled results. The limited variability observed demonstrates the robustness of the overall analysis.
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FUS-BBBO procedures, including microhemorrhages,
major hemorrhage from vascular rupture, ischemia due to
vasoconstriction, cerebral edema or inflammation caused
by protein extravasation, and direct cellular death resulting
from thermal or mechanical damage.32 However, in our
observational cohort of 57 subjects, only minor and transi-
ent adverse events were documented, with no instances of
severe clinical complications or tissue injury. In this
study, by defining the absence of minor adverse events as
safety indicators, the statistical analysis demonstrated statis-
tically significant results with no observable publication
bias. These findings therefore suggest that the surgical pro-
cedure has a favorable safety profile.

Post-FUS treatment, contrast-enhanced T1-weighted
MRI consistently showed significant enhancement in the
targeted regions across all cases. Over time, this high
signal intensity gradually decreased, and the parenchyma
of the ultrasound area was re-enhanced with subsequent
FUS sessions, demonstrating the transient nature of
BBBO. Additionally, low-intensity black spots, indicative
of FUS-BBBO, were observed in T2*-weighted/GRE
images, fading gradually over successive scans. While
some spots disappeared before the next BBB opening,
others persisted in high-energy ultrasonic areas.33 This
study interpreted MRI-documented BBB permeability
alterations as evidence of reversible BBBO.

Statistical analysis revealed significant efficacy (I²=
83.84%, p < 0.01) with substantial heterogeneity across
studies, which initially suggested possible potential publi-
cation bias. Subsequently, we employed Egger’s test and
the trim-and-fill method for bias assessment. No significant
publication bias was detected by Egger’s test (p= 0.773)
(Supplemental Figure 2A), while trim-and-fill adjustment
incorporating two hypothetical studies elevated the relative
effectiveness of FUS-BBBO to 2.175 (p < 0.001)
(Supplemental Figure 2B). Collectively, these results indi-
cate that while potential publication bias may exist, it
does not substantially compromise the conclusions regard-
ing the efficacy of FUS-BBBO in AD applications.

At the same time, given the critical influence of technical
parameters (e.g., transducer frequency, acoustic pressure
amplitude, sonication duration) on the extent of BBBO,34

we speculate that changes in relevant images were not
observed in Jeong et al.’s study, which may be due to the
use of lower ultrasound power, resulting in abnormal cavi-
tation of microbubbles.26 Considering the above research
process and results, we can conclude that reversible
FUS-BBBO in AD is effective when the technical para-
meters are fully guaranteed.

Heterogeneity analysis
In this study, the analysis demonstrated statistically signifi-
cant efficacy (I= 83.84%, p < 0.01) and safety (I2=
21.22%, p < 0.01) of FUS-BBBO technology in AD.

Although substantial heterogeneity was observed in the
effectiveness analysis, sensitivity and subgroup analyses
confirmed the stability of our results, strengthening the
credibility of the outcomes. It is worth noting that even
though the 95% confidence interval for the pooled effect
size of sensitivity (0.59 to 1.09) crosses 1, this does not
imply that our results are insignificant. This statistical phe-
nomenon may be attributed to the limited sample size, high
data dispersion, methodological constraints, and statistical
power issues.35,36 Collectively, the safety and efficacy of
FUS-BBBO in AD, as demonstrated in this study, remain
credible and reliable.

Subgroup analysis further identified multiple sources of
heterogeneity in the study. Notably, low-quality studies
exhibited moderate heterogeneity (I²= 76.5%, p= 0.039),
indicating that study quality may be a contributing factor
to variability. However, due to incomplete data, we were
unable to further explore specific sources of heterogeneity.
Additional analysis suggested that the high heterogeneity
may originate from the following factors. First, both ana-
lyses relied on single-arm rate data, which exhibited
extreme and non-normal distribution and lacked control
groups. The inherent peculiarity of such data may contrib-
ute to elevated heterogeneity. Second, differences in FUS
methodologies across the eight included studies likely
increased inter-study variability—six studies used
Magnetic Resonance-guided Focused Ultrasound
(MRIgFUS),19,20,22–25 one employed Neuronavigation-
guided Focused Ultrasound (NgFUS),21 and one utilized
low-intensity transcranial focused ultrasound (tFUS).26

Prior research has shown that differences in microbubble
administration and acoustic pressure levels can affect varia-
tions in BBBO volume, potentially introducing additional
heterogeneity.37

Overall, the results of this study are valid and hold sig-
nificant reference value. Although some degree of hetero-
geneity exists, this is common in similar studies and
results from multiple contributing factors. These factors,
while increasing study complexity, also reflect the diversity
of real-world conditions. Future research should focus on
optimizing study design, controlling variables, and further
validating the application of FUS-BBBO in AD to reduce
heterogeneity and enhance result generalizability.

Cognitive function
This study explored the potential cognitive benefits of FUS.
While multiple preclinical studies have reported cognitive
improvements following FUS treatment,11,38,39 our statistical
analysis of clinical data revealed no significant changes in
cognitive function after FUS-BBBO. Nevertheless, the
absence of cognitive deterioration further supports the
safety profile of this intervention.

Heterogeneity in cognitive outcomes was observed
across the included studies. Bae et al., Meng et al., and
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Rezai et al. reported no significant cognitive improvements
following FUS-BBBO.21,23,24 In contrast, Park et al. docu-
mented transient neuropsychiatric symptom improvement
following extensive frontal lobe BBBO,22 while Jeong
et al. observed modest memory enhancement in AD
patients.26 We hypothesize that the transient improvements
in Park et al.’s study may relate to concomitant medications
(e.g., rivastigmine and donepezil) rather than FUS-BBBO
alone. In addition, the duration of BBBOmay also influence
therapeutic outcomes. Compared to previous studies, Park
et al.’s investigation employed an extended treatment proto-
col with a 3-month interval. Based on these observations,
the study hypothesizes that the therapeutic effects of
BBBO may persist for 2–4 weeks, followed by potential
symptom recurrence.22 In Jeong et al.’s study, the use of
tFUS failed to achieve detectable BBBO or assess Aβ/tau
pathology changes.26 Therefore, although the study
reported modest improvements in memory performance,
the mechanisms need to be further explored.

Preclinical evidence indicates FUS enhances Aβ clear-
ance through glial activation and glymphatic system
potentiation.11 However, species-specific differences in
FUS effects, attributable to variations in neuroanatomy,
skull thickness, and cerebrovascular physiology between
small and large animals,40 may explain limited cognitive
benefits in human studies. In AD transgenic mice, FUS
improves memory via microglia-mediated Aβ reduction and
tau clearance.11,39 Meng et al. observed decreased
18F-florbetaben uptake in the right parahippocampal gyrus
and inferior temporal cortex after FUS-BBBO,23,41 aligning
with animal findings.11,39 However, this study did not show
significant improvement in cognitive function, and given the
small area change in 18F-florbetaben uptake reported, it is
speculated that the non-significant changes in ADAS-cog
and MMSE scores may be explained by insufficient effect
size.23 In summary, FUS showed significant Aβ clearance
and cognitive improvement in small animal models, but its
effect in large animals and humans was limited, which may
be limited by species differences and insufficient effect size.
Further optimization of treatment parameters and a larger
sample size are needed to verify its clinical potential.

Additionally, concomitant AD medications (e.g., rivas-
tigmine, donepezil) and adjunct therapies (e.g., rosuvasta-
tin) may confound cognitive assessments.42 Progressive
neuronal loss, cholinergic dysfunction, and neural
network degradation during AD pathogenesis likely exacer-
bate cognitive decline over time, potentially obscuring
treatment effects and limiting study interpretability.

Amyloid-β deposition
Preclinical murine investigations have demonstrated
FUS-BBBO’s capacity to potentiate endogenous antibody
distribution and peripheral blood-derived protein transport
to specific cerebral zones, likely mediated through

upregulated opsonin-dependent Aβ clearance mechan-
isms.10,11 However, its regulatory effects on human cerebral
Aβ pathology require further investigation. Current clinical
data from three independent studies demonstrated relative
Aβ reduction in BBBO-targeted areas.20,21,24 This finding
may suggest the effectiveness of therapeutic interventions,
implying a regulatory effect on pathological processes.
However, it must be noted that current evidence cannot
determine which dynamic process the observed Aβ reduc-
tion represents (i.e., whether it reflects sustained Aβ clear-
ance homeostasis induced by BBBO or a relative decrease
phase during Aβ re-accumulation). Furthermore, these
findings may be confounded by limited sample sizes and
concomitant pharmacological interventions. Therefore,
rigorously designed large-scale longitudinal trials incorpor-
ating multimodal biomarker monitoring are essential to sys-
tematically characterize FUS-BBBO’s long-term impacts
on Aβ metabolism.

Adverse event analysis
None of the 8 included studies reported severe adverse reac-
tions.19–26 Previous investigations suggest that FUS-BBBO
may induce microhemorrhages, overt hemorrhage from
vascular rupture, and cerebral edema due to protein extrava-
sation.32 Beyond FUS-related complications, pharmaco-
logical agents may also contribute to adverse effects.
First, event occurrence may be associated with the applica-
tion and dosage of intraoperative microbubble administra-
tion. All included studies employed intravenous
microbubble injection combined with FUS. Notably,
Rashi et al. reported postprocedural edema in two subjects
receiving higher hippocampal FUS cavitation doses.20

Second, therapeutic drug regimens might influence post-
operative and follow-up adverse events. In the study by
Lipsman et al., rosuvastatin was administered to one
patient who experienced a headache and another patient
with transiently increased Neuropsychiatric Inventory
Questionnaire (NPI-Q) scores,19 while the headache could
potentially be attributed to rosuvastatin.43 Additionally,
the U.S. Food and Drug Administration (FDA) issued a
statement in 2012 indicating that statins may cause non-
serious and reversible cognitive side effects.42

Limitations
There are some limitations in our study: (1) Our study is
limited by the inclusion of heterogeneous research
designs and a relatively small number of studies, as well
as the absence of rigorous double-blind protocols and stan-
dardized sampling methods, which may affect the results of
the study. To mitigate heterogeneity across included
studies, we implemented random-effects models. (2) The
studies we included were all single-arm trials, and
FUS-BBBO could not be compared with sham or control
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groups. Therefore, we performed a one-arm meta-analysis
using a binary classification and compared it with the pre-
operative baseline. However, the quality of the evidence
remains constrained by the absence of controlled random-
ization. (3) Potential confounding from intraprocedural
microbubble administration and therapeutic drug regimens
could influence adverse event profiles. (4) The method-
ology and follow-up period used to evaluate cognitive func-
tion in the included research varied significantly, which
may have an impact on the outcomes of cognitive function
investigations. (5) Limited study quantity and design het-
erogeneity, particularly incomplete reporting of quantitative
Aβ data, precluded comprehensive analyses of
FUS-BBBO’s potential Aβ clearance effects.

For future research, studies should be conducted with
expanded sample sizes, extended follow-up durations,
rigorous randomization protocols, and incorporate con-
trolled double-blind designs. Multicenter clinical trial regis-
tration should be promoted to comprehensively evaluate
long-term effectiveness and safety profiles. Furthermore,
we recommend investigating combined therapeutic strat-
egies integrating repetitive FUS-BBBO protocols with
adjuvant therapies, particularly focusing on whether such
interventions can ameliorate degenerative cognitive altera-
tions in AD patients.

Conclusion
This meta-analysis indicates that FUS-BBBO demonstrates
safety and efficacy in individuals with AD. The procedure
did not induce cognitive deterioration, with a low incidence
of adverse events. Specifically, the occurrences of edema
and headache did not reach statistical significance, support-
ing the technical safety profile of FUS-BBBO. These results
create the foundation for more extensive trials combining
FUS-BBBO with promising AD therapies. However, due
to the limitations inherent in the single-arm trial design,
this study carries a high risk of bias. It is essential to
conduct future high-quality RCTs and large-scale multicen-
ter studies to further validate and optimize FUS-based
therapeutic strategies.

ORCID iDs
Mengru Bai https://orcid.org/0009-0004-7696-9085
Hanlei Lyv https://orcid.org/0009-0003-2805-9426
Xin Zhou https://orcid.org/0009-0007-0936-650X
Zhengyi Han https://orcid.org/0009-0007-7048-7378

Ethical considerations
The systematic aggregation of pre-existing research data in this
meta-analysis rendered ethics committee oversight unnecessary,
in accordance with international standards for evidence synthesis
studies.

Author contributions
Mengru Bai: Formal analysis; Writing - original draft.
Hanlei Lyv: Formal analysis; Writing - original draft.
Xin Zhou: Data curation.
Ye Zhang: Data curation; Formal analysis.
Zhengyi Han: Conceptualization; Data curation; Methodology;
Supervision; Writing - review & editing.

Funding
The authors received no financial support for the research, author-
ship, and/or publication of this article.

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 statement
The data that support the findings of this study are available from
the corresponding author upon reasonable request.

Supplemental material
Supplemental material for this article is available online.

References
1. Breijyeh Z and Karaman R. Comprehensive review on

Alzheimer’s disease: causes and treatment. Molecules 2020;
25: 5789.

2. Ning S, Jorfi M, Patel SR, et al. Neurotechnological
approaches to the diagnosis and treatment of Alzheimer’s
disease. Front Neurosci 2022; 16: 854992.

3. Lu CT, Zhao YZ, Wong HL, et al. Current approaches to
enhance CNS delivery of drugs across the brain barriers.
Int J Nanomedicine 2014; 9: 2241–2257.

4. Teleanu RI, Preda MD, Niculescu AG, et al. Current strat-
egies to enhance delivery of drugs across the blood–brain
barrier. Pharmaceutics 2022; 14: 87.

5. Poon C, McMahon D and Hynynen K. Noninvasive and tar-
geted delivery of therapeutics to the brain using focused ultra-
sound. Neuropharmacology 2017; 120: 20–37.

6. Terstappen GC, Meyer AH, Bell RD, et al. Strategies for deli-
vering therapeutics across the blood–brain barrier. Nat Rev
Drug Discov 2021; 20: 362–383.

7. Wang J, Li Z, Pan M, et al. Ultrasound-mediated blood–brain
barrier opening: an effective drug delivery system for theranos-
tics of brain diseases. Adv Drug Deliv Rev 2022; 190: 114539.

8. Shin J, Kong C, Lee J, et al. Focused ultrasound-induced
blood-brain barrier opening improves adult hippocampal
neurogenesis and cognitive function in a cholinergic degener-
ation dementia rat model. Alzheimers Res Ther 2019; 11: 10.

9. Kong C, Ahn JW, Kim S, et al. Long-lasting restoration of
memory function and hippocampal synaptic plasticity by
focused ultrasound in Alzheimer’s disease. Brain Stimul
2023; 16: 857–866.

12 Journal of Alzheimer’s Disease Reports

https://orcid.org/0009-0004-7696-9085
https://orcid.org/0009-0003-2805-9426
https://orcid.org/0009-0007-0936-650X
https://orcid.org/0009-0007-7048-7378
https://orcid.org/0009-0007-7048-7378


10. Jordão JF, Thévenot E, Markham-Coultes K, et al.
Amyloid-β plaque reduction, endogenous antibody delivery
and glial activation by brain-targeted, transcranial focused
ultrasound. Exp Neurol 2013; 248: 16–29.

11. Leinenga G and Götz J. Scanning ultrasound removes
amyloid-β and restores memory in an Alzheimer’s disease
mouse model. Sci Transl Med 2015; 7: 278ra33.

12. McKhann G, Drachman D, Folstein M, et al. Clinical diagno-
sis of Alzheimer’s disease: report of the NINCDS-ADRDA
Work Group under the auspices of Department of Health
and Human Services Task Force on Alzheimer’s Disease.
Neurology 1984; 34: 939–944.

13. McKhann GM, Knopman DS, Chertkow H, et al. The diag-
nosis of dementia due to Alzheimer’s disease: recommenda-
tions from the National Institute on Aging-Alzheimer’s
Association workgroups on diagnostic guidelines for
Alzheimer’s disease. Alzheimers Dement 2011; 7: 263–269.

14. American Psychiatric Association. Diagnostic and statistical
manual of mental disorders: DSM-IV-TR. 4th ed., text revision.
Washington, DC: American Psychiatric Association, 2000.

15. American Psychiatric Association, DSM-5 Task Force.
Diagnostic and statistical manual of mental disorders:
DSM-5™. 5th ed. Washington, DC: American Psychiatric
Publishing, Inc., 2013.

16. Sterne JA, Hernán MA, Reeves BC, et al. ROBINS-I: a tool
for assessing risk of bias in non-randomised studies of inter-
ventions. Br Med J 2016; 355: i4919.

17. Egger M, Smith GD, Schneider M, et al. Bias in
meta-analysis detected by a simple, graphical test. Br Med
J 1997; 315: 629–634.

18. Duval S and Tweedie R. Trim and fill: a simple
funnel-plot-based method of testing and adjusting for
publication bias in meta-analysis. Biometrics 2000; 56:
455–463.

19. Lipsman N, Meng Y, Bethune AJ, et al. Blood–brain barrier
opening in Alzheimer’s disease using MR-guided focused
ultrasound. Nat Commun 2018; 9: 2336.

20. Mehta RI, Carpenter JS, Mehta RI, et al. Ultrasound-
mediated blood–brain barrier opening uncovers an intracer-
ebral perivenous fluid network in persons with Alzheimer’s
disease. Fluids Barriers CNS 2023; 20: 46.

21. Bae S, Liu K, Pouliopoulos AN, et al. Transcranial blood–
brain barrier opening in Alzheimer’s disease patients using
a portable focused ultrasound system with real-time 2-D cavi-
tation mapping. Theranostics 2024; 14: 4519–4535.

22. Park SH, Baik K, Jeon S, et al. Extensive frontal focused
ultrasound mediated blood–brain barrier opening for the
treatment of Alzheimer’s disease: a proof-of-concept study.
Transl Neurodegener 2021; 10: 44.

23. Meng Y, Goubran M, Rabin JS, et al. Blood-brain barrier
opening of the default mode network in Alzheimer’s
disease with magnetic resonance-guided focused ultrasound.
Brain 2023; 146: 865–872.

24. Rezai AR, Ranjan M, Haut MW, et al. Focused ultrasound-
mediated blood–brain barrier opening in Alzheimer’s

disease: long-term safety, imaging, and cognitive outcomes.
J Neurosurg 2022; 139: 275–283.

25. Rezai AR, Ranjan M, D’Haese PF, et al. Noninvasive hippo-
campal blood–brain barrier opening in Alzheimer’s disease
with focused ultrasound. Proc Natl Acad Sci U S A 2020;
117: 9180–9182.

26. Jeong H, Song IU, Chung YA, et al. Short-term efficacy of
transcranial focused ultrasound to the hippocampus in
Alzheimer’s disease: a preliminary study. J Pers Med 2022;
12: 50.

27. De Oliveira FCL, Pairot De Fontenay B, Bouyer LJ, et al.
Kinesiotaping for the rehabilitation of rotator cuff-related
shoulder pain: a randomized clinical trial. Sports Health
2021; 13: 161–172.

28. Sterne JAC, Sutton AJ, Ioannidis JPA, et al.
Recommendations for examining and interpreting funnel
plot asymmetry in meta-analyses of randomised controlled
trials. Br Med J 2011; 343: d4002.

29. Liu X, Naomi SSM, Sharon WL, et al. The applications of
focused ultrasound (FUS) in Alzheimer’s disease treatment:
a systematic review on both animal and human studies.
Aging Dis 2021; 12: 1977–2002.

30. Yin Z, Wang Z, Li Y, et al. Neuroimaging studies of acu-
puncture on Alzheimer’s disease: a systematic review.
BMC Complement Med Ther 2023; 23: 63.

31. Tao D, Awan-Scully R, Ash GI, et al. The effectiveness of
dance movement interventions for older adults with mild cog-
nitive impairment, Alzheimer’s disease, and dementia: a sys-
tematic scoping review and meta-analysis. Ageing Res Rev
2023; 92: 102120.

32. Patwardhan A, Wilkinson T, Meng Y, et al. Safety, effi-
cacy and clinical applications of focused ultrasound-
mediated blood–brain barrier opening in Alzheimer’s
disease: a systematic review. J Prev Alzheimers Dis
2024; 11: 975–982.

33. Chang KW, Hong SW, Chang WS, et al. Characteristics of
focused ultrasound mediated blood–brain barrier opening in
magnetic resonance images. J Korean Neurosurg Soc 2023;
66: 172–182.

34. Gandhi K, Barzegar-Fallah A, Banstola A, et al.
Ultrasound-mediated blood–brain barrier disruption for
drug delivery: a systematic review of protocols, efficacy,
and safety outcomes from preclinical and clinical studies.
Pharmaceutics 2022; 14: 33.

35. Thompson SG. Systematic review: why sources of hetero-
geneity in meta-analysis should be investigated. Br Med J
1994; 309: 1351–1355.

36. Higgins JPT, Thompson SG, Deeks JJ, et al. Measuring
inconsistency in meta-analyses. Br Med J 2003; 327:
557–560.

37. Vlachos F, Tung YS and Konofagou E. Permeability depend-
ence study of the focused ultrasound-induced blood-brain
barrier opening at distinct pressures and microbubble
diameters using DCE-MRI. Magn Reson Med 2011; 66:
821–830.

Bai et al. 13



38. Kline-Schoder AR, Chintamen S, Willner MJ, et al.
Characterization of the responses of brain macrophages to
focused ultrasound-mediated blood-brain barrier opening.
Nat Biomed Eng 2024; 8: 650–663.

39. Burgess A, Dubey S, Yeung S, et al. Alzheimer disease in a
mouse model: mR imaging-guided focused ultrasound tar-
geted to the hippocampus opens the blood–brain barrier
and improves pathologic abnormalities and behavior.
Radiology 2014; 273: 736–745.

40. Pouliopoulos AN, Kwon N, Jensen G, et al. Safety evaluation
of a clinical focused ultrasound system for neuronavigation
guided blood–brain barrier opening in non-human primates.
Sci Rep 2021; 11: 15043.

41. Villemagne VL, Ong K, Mulligan RS, et al. Amyloid
imaging with 18F-florbetaben in Alzheimer disease and
other dementias. J Nucl Med 2011; 52: 1210–1217.

42. Research C for DE and. FDA Drug Safety Communication:
Important safety label changes to cholesterol-lowering
statin drugs. FDA, https://www.fda.gov/drugs/drug-safety-
and-availability/fda-drug-safety-communication-important-
safety-label-changes-cholesterol-lowering-statin-drugs (2019,
accessed 1 May 2025).

43. FDA. CRESTOR (rosuvastatin calcium) tablets [Internet].
2010. Available from: https://www.accessdata.fda.gov/
drugsatfda_docs/label/2010/021366s016lbl.pdf (Accessed 9
February 2015).

14 Journal of Alzheimer’s Disease Reports

https://www.fda.gov/drugs/drug-safety-and-availability/fda-drug-safety-communication-important-safety-label-changes-cholesterol-lowering-statin-drugs
https://www.fda.gov/drugs/drug-safety-and-availability/fda-drug-safety-communication-important-safety-label-changes-cholesterol-lowering-statin-drugs
https://www.fda.gov/drugs/drug-safety-and-availability/fda-drug-safety-communication-important-safety-label-changes-cholesterol-lowering-statin-drugs
https://www.fda.gov/drugs/drug-safety-and-availability/fda-drug-safety-communication-important-safety-label-changes-cholesterol-lowering-statin-drugs
https://www.accessdata.fda.gov/drugsatfda_docs/label/2010/021366s016lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2010/021366s016lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2010/021366s016lbl.pdf

	 Introduction
	 Methods
	 Study selection
	 Information source and search strategy
	 Quality assessment
	 Statistical analysis

	 Results
	 Search strategy and screening
	 Baseline characteristics
	 Risk of bias assessment
	 Efficacy evaluation
	 Security assessment
	 Cognitive assessment results and aβ changes
	 Adverse events
	 Subgroup analysis and sensitivity analysis

	 Discussion
	 Risk of bias
	 Safety and efficacy
	 Heterogeneity analysis
	 Cognitive function
	 Amyloid-β deposition
	 Adverse event analysis
	 Limitations
	 Conclusion

	 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


