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Abstract

To retrieve and assess the available data in the literature about the safety and efficacy of baroreflex activation therapy (BAT) in
heart failure with reduced ejection fraction (HFrEF) patients, through a rapid systematic review of clinical studies. Rapid sys-
tematic review of literature. Searched electronic databases included PubMed, EMBASE, CENTRAL, Scopus, and Web of Science
using Mesh and free terms for heart failure and BAT. No language restriction was used for the searches. We included full peer
reviewed publications of clinical studies (randomized or not), including patients with HFrEF undergoing BAT, with or without
control group, assessing safety and efficacy outcomes. One reviewer conducted the analysis of the selected abstracts and the
full-text articles, performed data extraction, and evaluated the methodological quality of the selected articles. The methodo-
logical quality was assessed according to the Cochrane Collaboration instruments. A descriptive summary of the results is pro-
vided. Of the 441 citations screened, 10 publications were included (three were only conference abstracts), reporting data
from three studies. Only one study was a randomized clinical trial. Two studies reported a 6 month following, and the other
study analysed outcomes up to 41 months. The procedure seems to be safe when performed by a well-trained multi-
professional team. An 86% rate of system and procedure-related complication-free was reported, with no cranial nerve inju-
ries. Improvements in New York Heart Association class of heart failure, quality of life, 6 min walk test, and hospitalization
rates, as well as in muscle sympathetic nerve activity. No meta-analysis was conducted because of the lack of homogeneity
across studies; the results from each study are reported individually. BAT procedure seems to be safe if appropriate training
is provided. Improvements in clinical outcomes were described in all included studies. However, several limitations do not al-
low us to make conclusive statements on the efficacy of BAT for HFrEF. New well-designed trials are still needed.
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Introduction

Mortality, morbidity, and healthcare costs related to heart
failure with reduced ejection fraction (HFrEF) remain unac-
ceptable high although the advances in the medical field.1,2

The symptoms and the progression of the disease are pro-
moted by sympathovagal imbalance, including an excessive
activation of the sympathetic and inhibition of the parasym-
pathetic nerves system.3,4 In this context, baroreflex activa-
tion therapy (BAT), which is a treatment based on the

stimulation of the baroreceptors located at the carotid sinus5

and supposedly restores sympathovagal balance, has been
reported in the literature.6,7

Large animal studies demonstrated a survival benefit when
compared with untreated controls, as well as improvements
in cardiac function, susceptibility to ventricular arrhyth-
mias.8–10 The first-in-human study,6 which was a single-
centre, open-label trial including 11 patients, was published
in 2014. The study included patients with New York Heart As-
sociation (NYHA) Class III, ejection fraction lower than 40%,
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optimized medical therapy, and ineligible for cardiac
resynchronization. The results showed that BAT was safe
and provided chronic improvements in muscle sympathetic
nerve activity (MSNA), quality of life, and functional
capacity.6

In 2015, the first randomized clinical trial (RCT) was pub-
lished in the literature including 76 patients underwent to
BAT and 70 controls. Similarly, the study showed that BAT is
safe and improves functional capacity, quality of life, exercise
capacity, N-terminal pro-brain natriuretic peptide, and possi-
bly the burden of heart failure (HF) hospitalizations.7

Although the promising result, it is still unclear in the liter-
ature the effect of BAT in patients with HF. Thus, the aim of
this study was to retrieve and assess the available data in
the literature about the safety and efficacy of BAT in HFrEF
patients, through a rapid systematic review of clinical studies.

Methods

Protocol and registration

This rapid review was designed using as guidance the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
analyses 11 and is registered in the PROSPERO (International
Prospective Register of Systematic Reviews) database,12 un-
der the code [CRD42018114741].

Eligibility criteria

We included full peer reviewed publications of clinical studies
(randomized or not), including patients with HFrEF undergo-
ing BAT, with or without control group, assessing safety and
efficacy outcomes. Abstracts from conferences were included
if they provided enough information to judge eligibility and
evaluate the outcomes. We excluded case reports and litera-
ture reviews.

Information sources and literature search

We searched the following electronic databases: PubMed,
EMBASE, CENTRAL, Scopus, and Web of Science. In addition,
we searched the references of the included articles manually,
as well as performed a citation analysis of the included stud-
ies using Google Scholar. The initial search comprised the
Mesh term ‘Heart Failure’ followed by its related entry terms
and other free terms and free terms related to ‘baroreflex ac-
tivation therapy’. We did not use limits for language or date
when conducting the searches.

Study selection

Titles and abstract of the retrieved articles were indepen-
dently evaluated by one reviewer. Abstracts that do not pro-
vide enough information regarding the eligibility criteria will
be kept for full-text evaluation. One reviewer evaluated full-
text articles and determined study eligibility.

Data abstraction

One reviewer conducted data extraction and included study
title, author, journal and year of publication, study design,
population, inclusion and exclusion criteria, study arms and
sample size, intervention description, outcomes definitions,
measurement and results (as presented in the included stud-
ies), and follow-up period.

Risk of bias assessment

To assess the risk of bias of the RCT, we used the Cochrane
Risk of Bias tool that considers bias related to selection, per-
formance, detection, attrition, reporting, and other possi-
ble.13 For the non-randomized studies, we used the
ROBINS-I tool (Risk Of Bias In Non-randomized Studies—of In-
terventions), also from Cochrane Collaboration.14 The follow-
ing types of bias were considered: bias due to confounding,
bias in selection of participants into the study, bias in classifi-
cation of interventions, bias due to deviations from intended
interventions, bias due to missing data, bias in measuring of
outcomes, bias in selection of the reported result, and overall
bias. The evaluation was conducted independently by one
reviewer.

Synthesis

Descriptive analyses of studies will be performed including
study characteristics and main results.

Results

Study selection

Our search strategies yielded 441 citations from the five elec-
tronic databases. After excluding duplicates and screening ti-
tles and abstracts for eligibility, 20 publications were kept for
full-text evaluation. Finally, 10 publications were included in
our rapid review, representing data from three studies. Fig-
ure 1 demonstrates the study selection process.
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Study characteristics

First study (reported in three publications and one confer-
ence abstract)
Study from Gronda et al.6 was the first-in-human study eval-
uating BAT for HFrEF published in the literature. The study in-
cluded a series of 11 patients and reported a 6 month follow-
up. A year later, another publication15 reported the long-term
follow-up of this study, including results at 12 and
21 ± 5 months after intervention. In 2016, another article16

reporting data from the same study was published. However,
this publication added data from nine controls, who were
treated congestive HFrEF patients to assess the effects of
chronic baroreceptor activation on arterial stiffness. In
2017, the authors published an abstract in a conference17

reporting the 42 month follow-up of those 11 patients. The
main characteristics of these publications are described in Ta-
ble 1.

Second study (reported in four publications and one confer-
ence abstract)
Study from Abraham et al.7, named HOPE4HF, was the first
and only RCT found in the literature assessing BAT for HFrEF

patients. The study included 140 patients, mostly men, with a
mean ejection fraction of 24 ± 7%. Still in 2015, a sub-analysis
of this RCT, study from Zile et al.18 was published comparing
patients with or without cardiac resynchronization therapy. In
2016, Weaver et al.19 published the intraoperative experi-
ence and the 12 month safety and efficacy results of the
HOPE4HF trial. A year after, Wachter et al.20 presented an ab-
stract in a conference reporting another sub-analysis of the
HOPE4HF trial comparing patients with systolic blood pres-
sure equal or lower to 16 mmHg with >16 mmHg. Last,
Halbach et al.21 published one more sub-analysis of the same
trial in the literature, separating patients with or without cor-
onary artery disease. The main characteristics of these publi-
cations are described in Table 1.

Third study (reported in one conference abstract)
Mueller-Ehmsen et al.22 published an abstract in a confer-
ence reporting the European experience with BAT in HFrEF.
The abstract included the results of 57 patients from centres
in Germany, Italy, and France. We could not find a full text of
this study; thus, we understand it was not published yet. The
main characteristics of this study are described in Table 1.

Figure 1 Study selection process.
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Risk of bias

Risk of bias was assessed in Gronda et al.6,15–17 and
HOPE4HF3,7,18–20 studies. We did not assessed risk of bias of
the Mueller-Ehmsen et al.22 because the abstract did not pro-
vide enough information to allow it. The study from Gronda
et al. was considered of low risk of bias due to confounding,
selection of participants, missing data, and selection of the
reported result; and of moderate risk of bias due to classifica-
tion of intervention, deviations from intended interventions,
and measuring of outcomes. HOPE4HF trial was considered
of low risk of bias related to selection, performance, detec-
tion, attrition, and reporting.

Synthesis of results

Safety
Both, study from Gronda and the HOPE4HF trial, used the
same delivery system, the Barostim neo, CVRx, Inc, Minneap-
olis, MN, USA. The system consists of a pulse generator sim-
ilar in size and shape to an implanted defibrillator coupled
with a carotid sinus lead. The device is implanted subcutane-
ously in the right or left pectoral region with the lead
tunnelled from a small (2.5–5 cm) cutaneous incision to affix
over the ipsilateral carotid bifurcation. Safety related to this
system has been previously reported23 and comparable with
a pacemaker. Study from Mueller-Ehmsen et al.22 did not re-
port details on the BAT system used; however, it mentions
that the system safety profile is similar to a pacemaker. Thus,
we believe they may have used the same system in their
study. Table 2 describes the system and procedure-related
events reported in the included studies.

Efficacy
Changes in New York Heart Association class New York
Heart Association HF class measurement was reported in all
three studies and in nine of the 10 publications. Gronda
et al.6,15 reported improvements in NYHA class of HF at 3,

6, and 21.5 ± 4.2 month follow-ups. The report of the 4 year
follow-up did not show data on this outcome. Improvements
in class of HF were also demonstrated in the original publica-
tion7 and all the sub-analyses3,18–20 of the HOPE4HF study, in
patients undergoing BAT at 6 months when compared with
baseline. Similarly, the study from Mueller-Ehmsen et al.22

also reported improvement of NYHA class of HF at 6 month
follow-up. Detailed data on this outcome are shown on Table
3.

Quality of life Quality of life was measured in the three
studies and reported in all publications. Improvements in this
outcome were described in all comparison, except for pa-
tients making use of cardiac resynchronization therapy un-
dergoing BAT, when compared with controls (patients
making use of cardiac resynchronization therapy undergoing
BAT) (P = 0.23). Details on quality of life measuring methods
and results are described in Table 3.

Six minute walk test Six minute walk test was applied in all
studies, and results were available in all publications. Most of
the reported improvements in this outcomes, except for
three patients group, are as follows: patients making use of
cardiac resynchronization therapy undergoing BAT, when
compared with controls (patients making use of cardiac
resynchronization therapy not undergoing BAT) (P = 0.38);
patients with systolic blood pressure <116 mmHg undergo-
ing BAT, when compared with controls (patients with systolic
blood pressure <116 mmHg not undergoing BAT) (P = 0.08);
and patients without coronary artery disease undergoing
BAT, when compared with patients without coronary artery
disease not undergoing BAT (P = 0.84). These results are de-
scribed in details in Table 2.

Hospitalization Hospitalization was described in two stud-
ies and seven publications. Most of the publications reported
lower rates of hospitalization after BAT. There was no differ-
ence when compared patients making use of cardiac
resynchronization therapy undergoing and not undergoing

Table 2 Summary of the reported system and procedure-related events reported in the included studies

Study, Year
Number of patients
submitted to BAT BAT system System and procedure-related events

Gronda
et al.,6,15,16,23

11 Barostim neo, CVRx, Inc,
Minneapolis, MN, USA

One reported event. The patient experienced anaemia requiring a
transfusion during the implant. The patient recovered with no
residual effects.

HOPE4HF
study,3,7,18–20

71 Barostim neo, CVRx, Inc,
Minneapolis, MN, USA

The rate of freedom from system and procedure-related complications
was 86% through 12 months. There were two MANCE events
(hematomas) that occurred during the six first months after BAT. In
addition, the study reported three more events: urinary tract
infection secondary to urinary retention, hypotension, and
transection of the transverse cervical skin nerve. The complications
that did occur were generally mild and short-lived.

Mueller-
Ehmsen
et al.,22

57 Details are not reported
in the abstract.

The abstract did not report any events neither data on safety. It is only
mentioned that the system safety profile was similar to a pacemaker.

BAT, baroreflex activation therapy; MANCE, major adverse neurologic and cardiovascular events.
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BAT, patients not making use of cardiac resynchronization
therapy undergoing and not undergoing BAT, patients with
coronary artery disease undergoing BAT or not, and patients
without coronary artery disease undergoing BAT or not. De-
tails on the hospitalization rates presented in each publica-
tion are described in Table 2.

Other reported outcomes

Besides the reported outcomes earlier, the publications from
Gronda et al.6,15–17 reported a serial measurement of MSNA.
At a 6 month follow-up, the study demonstrated a reduction
from 45.1 ± 7.7 to 31.3 ± 8.3 bursts/min and from 67.6 ± 12.7
to 45.1 ± 11.6 bursts/100 heartbeats, decreases of 31% and
33%, respectively (P < 0.01). The decrease was sustained
through over the long-term follow-up (21.5 ± 4.2) with a dif-
ference of �15 ± 2.6 bursts/min (P < 0.001) and �24.7 ± 4.3
bursts/100 heartbeats (P < 0.001). At the 4 year follow-up,
the study reported a measure of 26 ± 3, which was also signif-
icantly different from baseline (P < 0.001).

The study from Gronda et al.16 also reported the effects of
chronic carotid baroreceptor activation on arterial (aortic)
stiffness in HFrEF. Aortic stiffness was evaluated by pulse
wave velocity between the carotid and the femoral artery
of the same side. The study reported non-significant change
in pulse wave velocity at the third month evaluation after
BAT. Similarly, no differences were reported in the control
group.

The HOPE4HF7 trial also reported the effects of BAT on sys-
tolic and diastolic blood pressure. It was observed an increase
in systolic blood pressure, as well as pulse pressure in pa-
tients who underwent BAT, 6 months after intervention. In
contrast, trends towards decreasing systolic blood pressure
and pulse pressure were found in the control group. No ef-
fects on diastolic blood pressure were observed.

Discussion

This review summarized the available evidence on the use of
BAT for patients with HFrEF. The results indicate that the
therapy is safe and improves clinical outcomes such as NYHA
class of HF, quality of life, 6 min walk test, and hospitalization
rates, as well as in MSNA. The study evaluating arterial stiff-
ness did not report any changes after therapy. The only RCT
available reported an 86% rate of system and procedure-
related complication-free, with no cranial nerve injuries.

The baroreceptors located at the carotid sinus have a well-
known influence on the central autonomic nervous. Besides
it, the sympathovagal imbalance plays in the progression of
HF does. In this context, BAT consists in the stimulation of
baroreceptors at the carotid sinus in order to decrease sym-
pathetic and increase parasympathetic tone and, ultimately,Ta
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provide additional beneficial effects on patients with
HFrEF.3,24

Up to now, most of the studies in human subjects evaluat-
ing BAT focused on patients with resistant hypertension. A re-
cent meta-analysis25 published in the literature assessing
safety and efficacy of BAT in patients with resistant hyperten-
sion demonstrated that systolic and diastolic blood pressure
decreased in patients who underwent BAT as early as
3 months and sustained up to 24 months after therapy.25

The review included 12 studies in the qualitative analysis
and five in the meta-analysis. In relation to the effects of
BAT on blood pressure in patients with HFrEF, the HOPE4HF7

trial has found that BAT significantly increased blood pres-
sure, as well as pulse pressure. In the control group, the au-
thors reported trends towards decreasing systolic blood
pressure and pulse pressure. No effects on diastolic blood
pressure were identified.

Previous data have shown that the MSNA is high in both
HFrEF and severe hypertension (26), addressing similar auto-
nomic imbalance in both conditions. In patients with ad-
vanced HFrEF, low systolic pressure is a marker of
unfavourable outcomes. In relation to severe hypertensive
patients, the persistency of high levels of blood pressure
leads to unfavourable outcomes.

As said earlier, the systematic review evolving resistant hy-
pertension patients25 and the HOPE4HF trial7 demonstrated
opposite effects on blood pressure. BAT was demonstrated
to rebalance the autonomic system restoring the appropriate
physiological response. This result is unique in the device car-
diovascular therapy setting.

In the HFrEF field, although the promising results, there is
much yet to learn to achieve conclusive results about the use
of BAT for HFrEF patients. Since the first-generation system,
surgery duration, complexity, and the safety of BAT system

have improved significantly. The available data indicate that,
with proper training, the procedure is safe (19). In terms of
efficacy, improvements in clinical outcomes have been re-
ported in the included studies, as mentioned earlier. How-
ever, a pivotal trial is still need to make assertive conclusions.

This study has some limitations important to mention.
Only three studies are available in the literature answering
our review research question, and only one of them was de-
signed as an RCT. In addition, three of the 10 included publi-
cations were only abstracts published in conferences and not
peer review publications. The small sample size and the het-
erogeneity across the included studies lacked the power to
make conclusive statements.

Importantly, we designed our study as a rapid systematic
review. We did perform all the steps of a traditional system-
atic review; however, they were executed by only one re-
viewer. This approach has been previously described in the
literature, and its value has been recognized by important or-
ganizations, such as the Cochrane Collaboration. A rapid re-
view has a shorten time of execution, making it possible to
obtain results timely and with reduced costs.

Despite those limitations, to our knowledge, this is the first
review using a systematic methodology that aimed to re-
trieve and report the available data on the safety and efficacy
of BAT for patients with HFrEF. We believe that our study can
provide significant information to support future clinical trials
and registries in this area.

In conclusion, the results of this review suggest that BAT is
safe and improves clinical outcomes in HFrEF patients. Al-
though the promising results, there is currently insufficient
evidence on the safety and efficacy of BAT for patients with
HFrEF to draw meaningful conclusions. Further high-quality
RCTs with long-term follow-up are still needed in order to ob-
tain conclusive results.
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Appendix

PubMed search—68 citations

Search Query
Items
found

#3 Search (#1 AND #2) 68
#2 Search "Heart Failure"[Mesh] OR "Cardiac Failure"[Title/Abstract] OR "Heart Decompensation"[Title/Abstract] OR

"Decompensation, Heart"[Title/Abstract] OR "Heart Failure, Right-Sided"[Title/Abstract] OR "Heart Failure, Right
Sided"[Title/Abstract] OR "Right-Sided Heart Failure"[Title/Abstract] OR "Right Sided Heart Failure"[Title/Abstract] OR
"Myocardial Failure"[Title/Abstract] OR "Congestive Heart Failure"[Title/Abstract] OR "Heart Failure, Congestive"[Title/
Abstract] OR "Heart Failure, Left-Sided"[Title/Abstract] OR "Heart Failure, Left Sided"[Title/Abstract] OR "Left-Sided Heart
Failure"[Title/Abstract] OR "Left Sided Heart Failure"[Title/Abstract]

135 480

#1 Search "baroreflex activation"[Title/Abstract] OR barostim*[Title/Abstract] OR "baroreceptor stimulation"[Title/Abstract]
OR "baroreceptor activation"[Title/Abstract] OR "carotid stimulation"[Title/Abstract] OR baroreceptor-activat*[Title/
Abstract]

954

CENTRAL search—29 citations

‘"baroreflex activation" OR barostim* OR "baroreceptor stimulation" OR "baroreceptor activation" OR "carotid stimulation" OR
baroreceptor-activat* in Title Abstract Keyword AND "Heart Failure" OR "Cardiac Failure" OR "Heart Decompensation" OR "De-
compensation, Heart" OR "Myocardial Failure" OR "Congestive Heart Failure" in Title Abstract Keyword—(Word variations
have been searched)’

Scopus search—146 citations

("baroreflex activation" OR barostim* OR "baroreceptor stimulation" OR "baroreceptor activation" OR "carotid stimulation"
OR baroreceptor-activat*) AND ("Heart Failure" OR "Cardiac Failure" OR "Heart Decompensation" OR "Decompensation,
Heart" OR "Myocardial Failure" OR "Congestive Heart Failure")

Web of Science search—57 citations

("baroreflex activation" OR barostim* OR "baroreceptor stimulation" OR "baroreceptor activation" OR "carotid stimulation"
OR baroreceptor-activat*) AND ("Heart Failure" OR "Cardiac Failure" OR "Heart Decompensation" OR "Decompensation,
Heart" OR "Myocardial Failure" OR "Congestive Heart Failure")

EMBASE search—141 citations

(’baroreflex activation’ OR barostim* OR ’baroreceptor stimulation’ OR ’baroreceptor activation’ OR ’carotid stimulation’ OR
’baroreceptor activat*’) AND (’heart failure’/de OR ’cardiac failure’/de OR ’heart decompensation’/de OR ’decompensation,
heart’/de OR ’myocardial failure’/de OR ’congestive heart failure’/de)

R. Schmidt et al.

DOI: 10.1002/ehf2.12543

14

ESC Heart Failure 2020; : 3–147



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier (FOGRA1)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <>
    /CHT <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG (Modified PDFX1a settings for Blackwell publications)
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




