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Abstract
A novel remote ventilator management (control) technology (Omnitool) was implemented for use with ICU patients during the

COVID-19 pandemic to mitigate in-person respiratory therapist interactions and preserve personal protective equipment. In the

latter half of 2020, eight mechanical ventilators were purchased and enabled for Omnitool deployment through the application of

a vendor software option. Subsequently, these ventilators were outfitted with commercially available informatics hardware that

permitted remote communication and management via the existing hospital network. In total, 17 patients with COVID-19 respi-

ratory failure were placed on Omnitool enabled ventilators between January 1, 2021-April 30, 2021. The median Omnitool use

days was 10. Deployment of a novel remote ventilator management technology is feasible; however, further study is needed to

simplify the set up and utilization of the system. Future demands for remote ventilator management are predictable, whether in

rural areas, military scenarios without adequate RT staffing, or in circumstances with new and easily transmissible toxic infections,

and will continue to encourage the development of relatively easy to apply informatics-based solutions. Herein we share five les-

sons learned from our Omnitool deployment.
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Introduction
Early in the COVID-19 pandemic, Intensive Care Unit (ICU)
teams struggled with competing priorities. ICUs faced a para-
digm shift from predominantly in-person, patient-centered care,
to remote patient care and remote monitoring; these approaches
minimized staff exposure to the patient and preserved
the limited supply of personal protective equipment (PPE).1,2

The dichotomy of in-person versus remote care was epitomized
by the numerous in-person respiratory therapist (RT) interactions
required to monitor and adjust ventilator settings for mechani-
cally ventilated patients with COVID-19 respiratory
failure coupled with the minimal use of remote monitoring for
ventilators and the absence of remote managment solutions.

The remote management or control of medical devices, such
as ventilators, has historically been met with Food and Drug
Administration (FDA) regulatory challenges related to data
security and patient safety concerns. The distinction between
remote monitoring and remote management is vast. Remote
monitoring allows for view only of device settings and data;
in contrast remote management permits the changing of settings
through bidirectional communication with the device.

Prior to the COVID-19 pandemic, the FDA approved the
NKV-550 Series ventilator (Nihon Kohden, Tokyo, Japan)

with a first of its kind remote ventilator management technol-
ogy, entitled Protective Control®. Protective Control® is a
fully operational “secondary” display that is wired to the
NKV-550 and mounted outside the patient room within direct
sight of the patient.3,4 Due to the pandemic’s global effect on
manufacturing and supply chain, these devices were not
readily available for purchase at the onset of the pandemic
and neither the ICU nor RT communities were very knowledge-
able about them due to limited marketing.

Therefore, ICUs responded with their own creative solutions
for remote ventilator management utilizing existing ventila-
tors.5 When possible, the ventilator control panel was
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disconnected from the ventilator body and extended outside the
patient room on an umbilical electrical cable.6 Other ICUs
placed the entire ventilator outside of patient rooms by orienting
the head of the bed near a bidirectional wall conduit for the ven-
tilator circuit to pass through.5

Biomedical engineering and RT groups also explored, but, to
our knowledge, never deployed, novel solutions for remote ven-
tilator management that were designed to be used with existing
ventilators. For example, Johns Hopkins University (Baltimore,
MD) and Stanford University (Stanford, CA) built robotic
systems to remotely control ventilators via a laptop outside of
the patient’s room.7,8 A group at the University of California
at San Diego (La Jolla, CA) developed a universal remote
control system for makeshift ventilators to interface with tele-
medicine software.9

Garzotto et al proposed the idea of a generic remote manage-
ment platform capable of supporting a variety of medical
devices.10 Their system would be located in a control room
and would monitor and control the core life-support systems
utilized in an ICU (ie ventilators, infusion pumps and continu-
ous renal replacement devices) using an interoperable language
and a minimum set of parameters for each device type. To our
knowledge, as well, this remote platform has not been deployed
for clinical care.

In early 2020, Medtronic (Minneapolis, MN) partnered with
Northwestern Memorial Hospital (Chicago, IL) to pilot an
informatics-based remote monitoring and control software
system for ventilators in response to the pandemic.11,12 This
software allowed clinicians to both remotely view and adjust
ventilator settings from outside of a patient’s room, but they
were restricted from remotely powering off the device. In
March 2020, Medtronic re-branded this technology as the
Omnitool ventilator remote control platform, which was
granted Emergency Use Authorization (EUA) by the FDA,
limited to COVID-19 patients, to last for the duration of the
pandemic. The Omnitool was then offered by Medtronic to cus-
tomers using the Medtronic Puritan Bennet 980 ventilators (PB
980s).13 Our facility incorporated the Omnitool into 8 newly
purchased PB 980s with the hope that use of this remote venti-
lator control platform would mitigate in-person RT interactions.

The goals of this study are to describe and retrospectively
assess the deployment process of the Omnitool and its live
application on patients with COVID-19 associated respiratory
failure in the first quarter of 2021 and share lessons learned.

Material and Methods
During the height of the COVID-19 pandemic (March 2020 –
May 2020) we began exploring methods to enable the remote
management of our ventilators. In June 2020, 8 PB 980s with
Omnitool were ordered for our 20-bed oncological adult ICU
as part of a routine replacement purchase for end-of-life venti-
lators. We opted to incorporate the Omnitool platform in these
new ventilators at the time of purchase. Global supply chain
issues during the pandemic delayed delivery of these PB 980s
by several months. While waiting for delivery, we began

sourcing the requisite informatics hardware and created a work-
flow for use of the Omnitool. In December 2020, the PB 980s
were delivered and our informatics and RT departments
began configuration and testing. The system was enabled for
patient use in January 2021.

Hardware Setup
At the highest level, we needed to attach a computer to the PB
980 that would permit bidirectional communication with the
device (Fig. 1, left panel). We selected wired connectivity for
the Omnitool to avoid known radio frequency interference
issues with the hospital’s WIFI. We also restricted remote oper-
ation of the Omnitool to a PC permanently located in a nursing
station directly outside of each patient’s ICU room. This
ensured direct line of sight to the patient and ventilator during
remote management. Only Omnitool trained RTs were privi-
leged and given sign-on access for the Omnitool. User rules,
including ongoing audits of use, were developed in accordance
with a consensus report on “Emergency Use Guidance for
Remote Control of Medical Devices” published by the
Association for the Advancement of Medical Instrumentation
(AAMI) and guided our workflow for this novel technology.14

Respiratory Therapy Workflow
RT management team in conjunction with the Critical Care
Medicine (CCM) Service leadership developed a standardized
workflow for initiation of the Omnitool enabled PB 980s. For
any COVID-19 positive patients already admitted to our ICU
and on mechanical ventilation as of January 1, 2021, we
sought safe opportunities to switch these patients to Omnitool
enabled PB 980s. For any new COVID-19 positive patients
admitted to the ICU, we prioritized use of the Omnitool
enabled PB 980, as available, in case of intubation.

As the remote management concept and technology was
novel, we left the decision to perform in-person or remote
patient-ventilator assessment to the discretion of the RT. We
found that the most significant decisional factor was a perceived
need to directly interact with the patient during the assessment,
commonly based on patient stability. The less stable the patient,
the more likely the RT would choose an in-person assessment.

A notable aspect of our ICU informatics platform that made
us comfortable in safely deploying the Omnitool technology for
remote ventilator management was our multilayered approach
to patient monitoring. Physiological data and alarms are contin-
uously transmitted from bedside monitors to central nursing sta-
tions, with select alarms being further routed to pagers and
Wi-Fi enabled phones. The bedside monitoring data can also
be viewed remotely on a web application. Ventilators and
other respiratory devices are incorporated into secondary sur-
veillance hardware and software that transmits device data
and specified alarms to both a web based user interface and ded-
icated pagers carried by RTs. Additionally, every ICU patient
room has high definition web cameras that are frequently
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observed by bedside nursing and can be accessed by ICU clini-
cians when logged into the secure hospital network.

Comprehensive Omnitool use data was not available due
to limitations of the video capture card; consequently, the
ICU Census dataset maintained by the CCM Service was
analyzed to determine Omnitool engagement during the
first four months of 2021. We received IRB approval for
this retrospective review and were granted a waiver of
informed consent.

Results
From January 2021 through April 2021, 17 COVID-19 patients
admitted to ICU for respiratory failure and intubated were
placed on Omnitool enabled ventilators. The day we began
our study there were 2 COVID-19 patients in the ICU on
mechanical ventilation. Both patients were transferred to
Omnitool enabled PB 980s. During the study, another 29
COVID-19 patients were admitted to the ICU in respiratory
failure. Of those, 24 patients were intubated, and 15 were
placed on an Omnitool enabled PB 980; thus totaling 17
patients using an Omnitool enabled PB 980. Due to lack of
availability of Omnitool enabled PB 980s at time of intubation,
9 patients were placed on non-Omnitool ventilators.

For our cohort of 17 patients (F = 9, M = 8), the average
age was 62 years, median hospital length of stay (LOS) was
25 days and median ICU LOS was 14 days. All 17 patients

were intubated emergently, 6 subsequently received tracheosto-
mies and 10 were treated with proning. The median Omnitool
use days was 10. Nine patients died in the ICU including 1
planned extubation, 2 terminal extubations, 1 tracheostomy,
and 5 while intubated. Eight patients survived to hospital dis-
charge: 3 extubated, 3 decannulated, and 2 with tracheostomy
tubes still in place.

A retrospective search of our hospital’s Quality and Safety
Event Reporting system found no ventilator or airway related
reports for the 17 patients while the Omnitool application was
used. A query of our ICU Census dataset found that there
were no unplanned extubations. Finally, we found no com-
ments directly relating to use of the Omnitool system in a
search of the free text comments from the RT flowsheets.

Discussion
We would like to share five lessons learned during this
Omnitool deployment. First, as our hardware configuration of
the Omnitool platform was designed first and foremost with
clinical deployment in mind, we did not think about monitoring
its use. The video capture card that was installed was limited in
its capabilities and could not directly track Omnitool clicks or
more detailed interactions. In retrospect, incorporation of an
enhanced video capture card would have recorded all
Omnitool interactions and permitted a robust analysis of its
use. Thus, we suggest the inclusion of sophisticated tracking

Figure 1. An Omnitool enabled mini-PC and video capture card were mounted on the side of the ventilator and connected via the ventilator’s
communication ports (left panel). This mini-PC was wired to the hospital’s network to allow remote access of the Omnitool and video capture

of the ventilator display via a dedicated nursing PC outside of the ICU room (right panel). Accessing the nursing PC (right panel), the RT

performed a series of four steps unique to the remote Omnitool application: First, the RT logs into the “ICU Remote Desktop” application
which establishes remote connection to the mini-PC on the ventilator (left panel). Second, once remote connection is established, two windows

(Omnitool application and video capture card) automatically open side by side on the PC display (right panel). Third, the RT then verifies the

ventilator serial number within the Omnitool application window, confirming connection to the correct device. Finally, the RT then points and

clicks within the Omnitool application window to control the ventilator. The video capture card window displays the ventilator monitor

interface so that the RT can visualize ventilator settings, measurements, and waveforms.

Rausen et al. 3



software to monitor the activities of remote management
systems be included in future Omnitool iterations.

Second, we found that the informatics workflow for activation
and utilization of the Omnitool was far more challenging than
in-person ventilator engagement where neither logging into the
ventilator nor validating the ventilator serial number are needed.
Perhaps the next generation Omnitool will have a simpler RT
access process. Third, in our configuration, Omnitool login was
restricted to the nursing PC directly outside of the patient’s
room for safety reasons. This meant that the RT would have to
coordinate with nursing for PC availability even as the nurses
were similarly trying to remotely manage patient care with external
physiological monitoring and infusion pumps at the same location.
In the future, the Omnitool application would need to be more
readily accessible likely via secure wireless transmission with
mobile workstations.

Fourth, extensive simulation training for remote ventilator
management would have been optimal in developing the
Omnitool workflow, training and comfort level for the RTs.
However, a simulation model was not available at the beginning
of 2021. Thus, when staffing was low and patient levels were
surging, we saw no alternative to implementing broad use
guidelines as we were deploying novel technology. Surely,
adoption of brand-new technology was not ideal under these
conditions and perhaps hospitals should create standardized
approaches to deploying and educating staff on the use of
new technologies even if the conditions are less than ideal.

Lastly, the patient-ventilator engagement inclusive of the
ventilator and its accessories, patient reactions to ventilator
adjustments, as well as changes in the patient’s clinical condi-
tion (ie, low level ventilator circuit leaks, total saturation of a
bacterial filter in the ventilator circuit ventilator, decreased
cuff pressure, or dyssynchrony), may be associated with
adverse interactions that are visible primarily at the patient’s
bedside. Therefore, we believe that three elements are prereq-
uisites for safely deploying ICU based remote ventilator man-
agement, a) direct line of sight into the patient’s room, b)
robust local and remote patient monitoring and c) thoughtful
and well delineated user rules for RT remote ventilator man-
agement that mandate periodic in-room patient-ventilator
assessments.

Circumstances like COVID-19 are rare, but future demands
for remote ventilator management, whether in military scenar-
ios or rural areas without adequate RT staffing, or in situations
with new and easily transmissible infections, are predictable
and will continue to encourage the development of FDA
approved, economical informatics-based solutions. As an
example of forward movement, Thornhill Medical (Ontario,
Canada), manufacturer of the FDA-approved MOVES-SLC
ventilator, a device primarily used in military settings, recently
received a grant from the U.S. Department of Defense to
help accelerate medical device interoperability and remote
control in disaster environments.15 Hopefully this grant
leads to the further development and comparison of remote
management ventilator platforms using various strategies
and configurations.

Conclusions
Our actual implementation of the Omnitool suggests that the
deployment of a novel informatics-based remote ventilator man-
agement technology is feasible; however, further study is needed
to simplify the configuration and utilization of the system.We are
confident that remote ventilator management technology will be
refined and gain approval for use beyond the current pandemic so
that we and others, may continue to explore its utility.

Funding
This work was supported in part by the MSK Cancer Center Support
Grant/Core grant (P30 CA008748) and the Department of
Anesthesiology and Critical Care Medicine.

Acknowledgements
We would like to thank the following individuals for their assis-
tance in actualizing the Omnitool platform; Didier Gateau, Jason
Wegener, Vincent Perrone of Digital Informatics & Technology
Solutions (DigITs) in setting up and testing the hardware and soft-
ware applications; Kate Tayban, Advanced Practice Provider
Informatics lead in Critical Care Center, and Mark Knott, DigITs
for data mining; and Natalie Kostelecky, Research RN in Critical
Care Medicine Service for steering this project through the requisite
hospital committees. All authors participated in the study design,
analysis of data, and review of manuscript. manuscript preparation,
literature search, and data collection were performed by Michelle
S. Rausen.

Declaration of Conflicting Interests
The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding
The author(s) disclosed receipt of the following financial support for
the research, authorship, and/or publication of this article: This work
was supported by the Memorial Sloan-Kettering Cancer Center,
(grant number P30 CA008748).

ORCID iDs
Michelle S. Rausen https://orcid.org/0000-0003-3610-279X
Thomas A. Nahass https://orcid.org/0000-0003-3462-114X

References
1. CDC. Strategies to Optimize the Supply of PPE and Equipment.

Centers for Disease Control and Prevention COVID-19. https://
www.cdc.gov/coronavirus/2019-ncov/hcp/ppe-strategy/index.html
(accessed May 31, 2022).

2. Moody AE, Beutler BD, Antwi-Amoabeng D, et al. Ventilator
management in the age of COVID-19: response to “Logistic and
organizational aspects of a dedicated intensive care unit for
COVID-19 patients”. Crit Care. 2020;24(1):329. doi:10.1186/
s13054-020-03069-0.

3. NKV-550 Series Ventilator System. 2021. Nihon Kohden. https://
us.nihonkohden.com/media/1528/nkv-550-brochure.pdf

4. Nihon Kohden begins shipment of the Protective Control®
feature for the NKV-550 ventilator helping to reduce the expo-
sure of clinicians to covid-19. Nihon Kohden. 8/27/2020 2020;

4 Journal of Intensive Care Medicine 0(0)

https://orcid.org/0000-0003-3610-279X
https://orcid.org/0000-0003-3610-279X
https://orcid.org/0000-0003-3462-114X
https://orcid.org/0000-0003-3462-114X
https://www.cdc.gov/coronavirus/2019-ncov/hcp/ppe-strategy/index.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/ppe-strategy/index.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/ppe-strategy/index.html
http://doi.org/10.1186/s13054-020-03069-0
http://doi.org/10.1186/s13054-020-03069-0
http://doi.org/10.1186/s13054-020-03069-0
http://doi.org/10.1186/s13054-020-03069-0
http://doi.org/10.1186/s13054-020-03069-0
http://doi.org/10.1186/s13054-020-03069-0
https://us.nihonkohden.com/media/1528/nkv-550-brochure.pdf
https://us.nihonkohden.com/media/1528/nkv-550-brochure.pdf
https://us.nihonkohden.com/media/1528/nkv-550-brochure.pdf


https://us.nihonkohden.com/news-events/nihon-kohden-begins-
shipment-of-the-protective-control-feature-for-the-nkv-550-ventilator-
helping-to-reduce-the-exposure-of-clinicians-to-covid-19/

5. Halpern NA, Kaplan LJ, Rausen M, Yang JJ. Configuring ICUs in
the COVID-19 Era. COVID-19 Rapid Resource Center, Society of
Critical Care Medicine. June 15, 2020 2020.

6. Connor CW, Palmer LJ, Pentakota S. Remote control and monitor-
ing of GE aisys anesthesia machines repurposed as intensive care
unit ventilators. Anesthesiology. 2020;133(2):477-479. doi:10.1097/
aln.0000000000003371.

7. Donovan D. 2020. Remote control for patient ventilators. Johns
Hopkins Medicine.

8. Prakash M. 2020. Ventilator remote controller project.
Bioengineering, Stanford.

9. Barrow M, Restuccia F, Gobulukoglu M, Rossi E, Kastner R. A
remote control system for emergency ventilators during SARS-
CoV-2. IEEE Embed Syst Lett. 2022;14(1):43-46. doi:10.1109/
LES.2021.3107837.

10. Garzotto F, Comoretto RI, Ostermann M, et al. Preventing infec-
tious diseases in intensive care unit by medical devices remote

control: lessons from COVID-19. J Crit Care. 2021;61:119-124.
doi:10.1016/j.jcrc.2020.10.014.

11. 2021. Anesthesiologist develops system for remote control of ven-
tilators. Northwestern Medicine.

12. Bruen C, Valdivia D, Nahum A, Sullivan K. Rapid
implementation of remote ventilator monitoring and control
during the COVID-19 pandemic. Crit Care Med. 2021;49(1):
7-7.

13. 2021. Puritan Bennett 980 ventilator Omnitool software -
for remote ventilator access. Medtronic. https://www.medtronic.
com/content/dam/covidien/library/us/en/product/acute-care-ventila-
tion/puritan-bennett-ventilator-remote-access-info-sheet.pdf

14. AAMI. Emergency Use Guidance for Remote Control of Medical
Devices. AAMI Consensus Report. 2020;CR511(2020).

15. Thornhill_Med. Cognitive Medical Systems and Thornhill
Medical Receive Army Award. @Thornhill_Med. Updated
2021-10-13. Accessed 5/23/2022. https://thornhillmedical.com/
cognitive-medical-systems-and-thornhill-medical-receive-army-
award-to-help-accelerate-medical-device-interoperability-and-
remote-control/

Rausen et al. 5

https://us.nihonkohden.com/news-events/nihon-kohden-begins-shipment-of-the-protective-control-feature-for-the-nkv-550-ventilator-helping-to-reduce-the-exposure-of-clinicians-to-covid-19/
https://us.nihonkohden.com/news-events/nihon-kohden-begins-shipment-of-the-protective-control-feature-for-the-nkv-550-ventilator-helping-to-reduce-the-exposure-of-clinicians-to-covid-19/
https://us.nihonkohden.com/news-events/nihon-kohden-begins-shipment-of-the-protective-control-feature-for-the-nkv-550-ventilator-helping-to-reduce-the-exposure-of-clinicians-to-covid-19/
https://us.nihonkohden.com/news-events/nihon-kohden-begins-shipment-of-the-protective-control-feature-for-the-nkv-550-ventilator-helping-to-reduce-the-exposure-of-clinicians-to-covid-19/
http://doi.org/10.1097/aln.0000000000003371
http://doi.org/10.1097/aln.0000000000003371
http://doi.org/10.1097/aln.0000000000003371
http://dx.doi.org/10.1109/LES.2021.3107837
http://dx.doi.org/10.1109/LES.2021.3107837
http://dx.doi.org/10.1109/LES.2021.3107837
https://doi.org/10.1016/j.jcrc.2020.10.014
https://doi.org/10.1016/j.jcrc.2020.10.014
https://thornhillmedical.com/cognitive-medical-systems-and-thornhill-medical-receive-army-award-to-help-accelerate-medical-device-interoperability-and-remote-control/
https://thornhillmedical.com/cognitive-medical-systems-and-thornhill-medical-receive-army-award-to-help-accelerate-medical-device-interoperability-and-remote-control/
https://thornhillmedical.com/cognitive-medical-systems-and-thornhill-medical-receive-army-award-to-help-accelerate-medical-device-interoperability-and-remote-control/
https://thornhillmedical.com/cognitive-medical-systems-and-thornhill-medical-receive-army-award-to-help-accelerate-medical-device-interoperability-and-remote-control/
https://thornhillmedical.com/cognitive-medical-systems-and-thornhill-medical-receive-army-award-to-help-accelerate-medical-device-interoperability-and-remote-control/

	 Introduction
	 Material and Methods
	 Hardware Setup
	 Respiratory Therapy Workflow

	 Results
	 Discussion
	 Conclusions
	 Acknowledgements
	 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


