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Legally Marketed Device Identification: EvitaXL with SmartCare Option (K051263)
Device Description:

The EvitaXL is a time-cycled microprocessor-controlled intensive care ventilator. The option SmartCare™ for
the EvitaXL. has been developed for assisting physicians and respiratory therapists with the standardization of
the weaning process used in intensive care units. The system uses a computerbased representation of a pro-
tocol and focusses on the management of pressure support.

Scope of this submission is an extension of claims made in the promational material, while the device itself
remains unchanged except for mincr modifications that led to non-filing decisions. The indications for use, the
intended use and the instructions for use also remain unchanged.

Intended Use:

The SmartCare/PS system is designed to stabilize the patient's spontaneous breathing in a "comfortable zone"
and to reduce inspiratory support. SmartCare can be used for intubated or tracheotomized patients, Patients
with body weight between 15 and 35 kg (33.1 and 77.8 Ibs) must be endotracheally intubated and ventilated
with active humidification. The patients should be haemodynamically stable with adequate oxygenation and
spontaneous breathing.

Predicate Device:
510{k) Number
K051263

Manufacturer
Drager Medical AG & Co. KG

Device Name
EvitaXL

Substantial Equivalence:;

The device and its labelling are identical to the predicate device. Substancial equivalence is claimed on that
basis.
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

Food and Drug Administration
. 9200 Corporate Boulevard
5
FEB -6 008 Rockville MD 20850

Driger Medical AG & Co. KG

C/O Ms. Kathy Anderson

Senior Director, Regulatory Affairs
Draeger Medical Systems, Incorporated
3135 Quarry Road

Telford, Pennsylvania 18969

Re: K072412
Trade/Device Name: EvitaXI, with Option SmartCare
Regulation Number: 868.5895
Regulation Name: Continuous Ventilator
Regulatory Class: 11
Product Code: CBK
Dated: January 18, 2008
Received: January 23, 2008

Dear Ms. Anderson:

We have reviewed your Section 510(k) premarket notification of intent to market the device
referenced above and have determined the device is substantially equivalent (for the
indications for use stated in the enclosure) to legally marketed predicate devices marketed in
interstate commerce prior to May 28, 1976, the enactment date of the Medical Device
Amendments, or to devices that have been reclassified in accordance with the provisions of
the Federal Food, Drug, and Cosmetic Act (Act) that do not require approval of a premarket
approval application (PMA). You may, therefore, market the device, subject to the general
controls provisions of the Act. The general controls provisions of the Act include
requirements for annual registration, listing of devices, good manufacturing practice,
labeling, and prohibitions against misbranding and adulteration.

If your device is classified (see above) into either class II (Special Controls) or class 111
(PMA), it may be subject to such additional controls. Existing major regulations affecting
your device can be found in the Code of Federal Regulations, Title 21, Parts 800 to 898. In
addition, FDA may publish further announcements concerning your device in the Federal

Register.
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Please be advised that FDA’s issuance of a substantial equivalence determination does not
mean that FDA has made a determination that your device complies with other requirements
of the Act or any Federal statutes and regulations administered by other Federal agencies.
You must comply with all the Act’s requirements, including, but not limited to: registration
and listing (21 CFR Part 807); labeling (21 CFR Part 801); good manufacturing practice
requirements as set forth in the quality systems (QS) regulation (21 CFR Part 820); and if
applicable, the electronic product radiation control provisions (Sections 531-542 of the Act);
21 CFR 1000-1050. -

This letter will allow you to begin marketing your device as described in your Section 510(k)
premarket notification. The FDA finding of substantial equivalence of your device to a
legally marketed predicate device results in a classification for your device and thus, permits
your device to proceed to the market,

If you desire specific advice for your device on our labeling regulation (21 CFR Part 801),
please contact the Office of Compliance at (240) 276-0120. Also, please note the regulation
entitled, "Misbranding by reference to premarket notification” (21CFR Part 807.97). You
may obtain other general information on your responsibilities under the Act from the
Division of Small Manufacturers, International and Consumer Assistance at its toll-free
number (800) 638-2041 or (301) 443-6597 or at its Internet address
http://www.fda.gov/cdrh/industry/support/index.html.

Sincerely yours,

"-/-" Chiu Lin, Ph.D.

Director
Division of Anesthesiology, General Hospital,
Infection Control and Dental Devices
Office of Device Evaluation
Center for Devices and
Radiological Health

Enclosure



Indications for Use

510(k) Number (if known):

Device Name: EvitaXL with Option SmartCare

Indications For Use: The EvitaXL is a long-term ventilator for intensive care for
adults, children, and infants with a body weight of at least
3 kg (6.6 Ibs).

With SmartCare™/PS the EvitaXL is intended to stabilize
the patient’s spontaneous breathing in a "comfortable
zone" and to reduce inspiratory support for adults and
children with a body weight of at least 15 kg (33 Ibs). The
patients should be haemodynamically stable with
adequate oxygenation and spontaneous breathing.
SmartCare can be used for intubated or tracheotomized
patients. Patients with body weight between 15 and 35
kg (33.1 and 77.8 Ibs) must be endotracheally intubated
and ventilated with active humidification.

SmartCare™/PS is contraindicated in case of severe
COPD and severe neurologic disorder that affects the
cerebral control mechanism of the spontaneous breathing
pattern.

Prescription Use __X AND/OR Over-The-Counter Use
(Part 21 CFR 801 Subpart D) {21 CFR 807 Subpart C)

(PLEASE DO NOT WRITE BELOW THIS LINE-CONTINUE ON ANOTHER PAGE IF
NEEDED)

Concurrence of CDRH, Ofﬁce of Device Evaluation (ODE)

o Yl d

‘Division Sign-0ff)
Jivision of Anesthesiology, Generat Hosgital
nfection Control, Dental Davices

stokyNumber: KO 72917
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-/{C DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

Food and Drug Administration
9200 Corporate Boulevard

FEB -6 2008 Rockville MD 20850

Drager Medical AG & Co. KG

C/0O Ms. Kathy Anderson

Senior Director, Regulatory Affairs
Draeger Medical Systems, Incorporated
3135 Quarry Road

Telford, Pennsylvania 18969

Re: K072412
Trade/Device Name: EvitaXL with Option SmartCare
Regulation Number: 868.5895
Regulation Name: Continuous Ventilator
Regulatory Class: II
Product Code: CBK
Dated: January 18, 2008
Received: January 23, 2008

Dear Ms. Anderson:

We have reviewed your Section 510(k) premarket notification of intent to market the device
referenced above and have determined the device is substantially equivalent (for the
indications for use stated in the enclosure) to legally marketed predicate devices marketed in
interstate commerce prior to May 28, 1976, the enactment date of the Medical Device
Amendments, or to devices that have been reclassified in accordance with the provisions of
the Federal Food, Drug, and Cosmetic Act (Act) that do not require approval of a premarket
approval application (PMA). You may, therefore, market the device, subject to the general
controls provisions of the Act. The general controls provisions of the Act include
requirements for annual registration, listing of devices, good manufacturing practice,
labeling, and prohibitions against misbranding and adulteration. '

If your device is classified (see above) into either class II (Special Controls) or class III
(PMA), it may be subject to such additional controls. Existing major regulations affecting
your device can be found in the Code of Federal Regulations, Title 21, Parts 800 to 898. In
addition, FDA may publish further announcements concerning your device in the Federal

Register.
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Please be advised that FDA’s issuance of a substantial equivalence determination does not
mean that FDA has made a determination that your device complies with other requirements
of the Act or any. Federal statutes and regulations administered by other Federal agencies. .
You must comply with all the Act’s requirements, including, but not limited to: registration
and listing (21 CFR Part 807); labeling (21 CFR Part 801); good manufacturing practice
requirements as set forth in the quality systems (QS) regulation (21 CFR Part 820); and if
applicable, the electronic product radiation control provisions (Sections 531-542 of the Act);
21 CFR 1000-1050. ° -

This letter will allow you to begin marketing your device as described in your Section 510(k)
premarket notification. The FDA finding of substantial equivalence of your device to a
legally marketed predicate device results in a classification for your device.and thus, permits.
your device to proceed to the market.

If you desire specific advice for your device on our labeling regulation (21 CFR Part 801),
please contact the Office of Compliance at (240) 276-0120. Also, please note the regulation
entitled, "Misbranding by reference to premarket notification” (21CFR Part 807.97). You .
may obtain other general information on your responsibilities under the Act from the
‘Division of Small Manufacturers, International and Consumer Assistance at its toll-free
number (800) 638-2041 or (301) 443-6597 or at its Internet address
http://www.fda.gov/cdrh/industry/support/index.html.

Sincerely yours,

C Chiu Lin, Ph.D..

Director
Division of Anesthesiology, General Hospital,
Infection Control and Dental Devices
Office of Device Evaluation
Center for Devices and
Radiological Health

- Enclosure

e



'510(k) Number (if known):
Device Name: |

' Indications For Use:

Prescription Use __X:
(Part 21 CFR 801 Subpart D)

_. Indications for Use

EvitaXL with Option SmartCare

The EvitaXL is a long-term ventilator for intensive care for
adults, children, and infants with a body weight of at least
3 kg (6.6 Ibs).

With SmartCare™/PS the EvitaXL is intended to stabilize '

the patient's spontaneous breathing in a "comfortable
zone" and to reduce inspiratory support for adults and
children with a body weight of at least 15 kg (33 Ibs). The
patients should be haemodynamically stable with
adequate oxygenation and spontaneous breathing.
SmartCare can be used for intubated or tracheotomized
patients. Patients with body weight between 15.and 35
kg (33.1 and 77.8 Ibs) must be endotracheally intubated
and ventilated with active humidification.

SmartCare™/PS is contraindicated in case of severe
COPD and severe neurologic disorder that affects the
cerebral control mechanism of the spontaneous breathing

- pattern.

AND/OR  Over-The-Counter Use
(21 CFR 807 Subpart C)

(PLEASE DO NOT WRITE BELOW THIS LINE-CONTINUE ON ANOTHER PAGE IF

NEEDED)

‘Concurrence of CDRH, Office of Device Evaluation (ODE)

b Ylod

‘Division Sign-0ff) ,
Jivision of Anasthesiology, Genaral Hospital
nfection Control, Dental Davices

510(k) Number: ‘ KD /2 7/_2,.

. Eloyn e

Page1of _ 1
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DEPARTMENT OF HEALTH AND HUMAN SERVICES Public Health Service

Food and Drug Administration

Center for Devices and

Radiological Health

Office of Device Evaluation

Document Mail Center (HFZ-401)
} 9200 Corporate Blvd.

January 02, 2008 Rockville, Maryland 20850
DRAGER MEDICAL AG & CO. KGAA 510 (k} Number: K072412
C/0 DRAGER MEDICAL , INC. Product: OPTION SMARTCARE
3135 QUARRY ROAD FOR
TELFORD, PA 183569 : EVITAXL, SMARTCAR
ATTN: KATHY ANDERSON E KIT CAPNO

We are holding your above-referenced Premarket Notification (510(k))
for 30 days pending-receipt of the additional information that was
re%uested by the Office of Device Evaluation. Please remember that
all correspondence concerning your submission MUST cite your 510 (k)
number and be sent in duplicate to the Document Mail Center (HFZ-401)
at the above letterhead address. Correspondence sent to any address
other than the one above will not be considered as part of your
official premarket notification submission. Also, please note the
new Blue Book Memorandum regarding Fax and E-mail Policy entitled,
"Fax and E-Mail Communication with Industry about Premarket Files
Under Review. Please refer to this guidance for information on
current fax and e-mail practices at www.fda.gov/cdrh/ode/a02-01.html.

The deficiencies identified represent the issues that we believe need
to be resolved before our review of your 510(k}) submission can be
successfully completed. In developing the deficiencies, we carefully
considered the statutory criteria as defined in Section 513(1i) of the
Federal Food, Drug, and Cosmetic Act for determining substantial
equivalence of your device. We also considered the burden that may
be incurred in your attempt to respond to the deficiencies. We
believe that we have considered the least burdensome approach to
resolving these issues. TIf, however, you believe that information is
being requested that is not relevant to the regulatory decision or
that there is a less burdensome way to resolve the issues, you should
follow the procedures outlined in the "A Suggested Approach to
Resolving Least Burdensome Issues" document. It is available on our
Center web page at: http://www.fda.gov/cdrh/modact/leastburdensome.html.

78



If after 30 days the additional information (AI), or a request for an
extension of time, is not received, we will discontinue review of your
submission and groceéd to delete your file from our review system

(21 CFR 807.87(1)). Please note our guidance document entitled,
"Guidance for Industry and FDA Staff, FDA and Industry Actions 'on
Premarket Notification (510(k)) Submissions: Effect on FDA Review
Clock and Performance Assessment". If the submitter does submit a
written request for an extension, FDA will permit the 510(k) to remain
on hold for ug to a maximum of 180 days from the date of the AI request.
The purpose of this document is to assist agency staff and the device
industry in understanding how various FDA and industry actions that may
be taken on 510(k}s shou%d affect the review clock for purposes of
meeting the Medical Device User Fee and Modernization Act. You may review
this document at http://www.fda.gov/cdrh/mdufma/gquidance/1219.html.
Pursuant to 21 CFR 20.29, a copy of your 510 (k} submission will remain in
the Office of Device Evaluation. If you then wish to resubmit this

510 (k) notification, a new number will be assigned and your submission
will be considered a new premarket notification submission.

Please remember that the Safe Medical Devices Act of 19920 states that
you may not place this device into commercial distribution until you
receive a decision letter from FDA allowing you to do so.

If you have procedural questions, please contact the Division of Small
Manufacturers International and Consumer Assistance (DSMICA} at
{(240)276-3150 or at their toll-free number (800) 638-2041, or contact
the 510k staff at (240)276-4040.

Sincerely yours,

Marjorie Shulman

Supervisor Consumer Safety Officer

Premarket Notification Section

Office of Device Evaluation

Center for Devices and
Radiological Health

79



»

DEPARTMENT OF HEALTH AND HUMAN SERVICES Public Health Service

——

Foed and Drug Administration
Center for Devices and
Radiclogical Health

OCffice of Device Evaluation
Document Mail Center (HFZ-401)
9200 Corporate Blvd.

November 06, 2007 . Rockville, Maryland 20850
DRAGER MEDICAL AG & CO. KGAA 510(k} Number: K072412

C/0O DRAGER MEDICAL , INC. Device: OPTION SMARTCARE
3135 QUARRY ROAD ‘ FOR

TELFORD, PaA 18969 : EVITAXL, SMARTCAR
ATTN: KATHY ANDERSCON E XIT CAPNO

Extended Until: 12-DEC-2007

Based on your recent request, an extension of time has been granted
for you to submit the a ditional information we requested.

If the additional information (AI) is not received by the
"Extended Until" date shown above, your remarket notification will
be considered withdrawn (21 CFR 807.87(1 If the submitter does

-submit a written request for an exten51on, "FDA will permit the 510 (k)

to remain on hold for up to a maximum of 180 days from the date of the
AI request.

If you have procedural questions, please contact the DlVlSlOn of Small
Manufacturers International and Consumer Assistance (DSMICA) at
{240)276-~3150 or at their toll-free number (800) 6328-2041, or contact
the 510k staff at (240)276-4040. :

Sincerely yours,

Marjorie Shulman
Supervisory Consumer Safety Officer
Premarket Notification Section
Office of Device Evaluation
Center for Devices and

Radiological Health

L1 303
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Uragermedical

Drager Medical AG & Co. KG, Moislinger Allee 53-55, D-23542 Luebeck

Food and Drug Administration

Center for Devices and Radiological Health

Office of Device Evaluation

510(k) Document Mail Center (HFZ-401)
9200 Corporate Boulevard

Rockville, Maryiand 20850

US.A

A Dréger and Siemens Company

Date
November 2, 2007

Our ref.

gp-K072412_Al

Phaone

+49 451 882-2041

Fax

+49 451 B82-4351

E-Mail
gustav.paulsen@draeger.com

Premarket Notification 510(k) K072412 — Option SmartCare/PS for EvitaXL ventilator
Request for an Extension of Time

Dear Madam, Dear Sir,

This letter is to request an extension of time concerning the FDA request for additional information
dated October 15, 2007, received for Option SmartCare/PS for EvitaXL

In order to adequately address all aspects of the FDA request, Drager Medical AG & Co. KG
requests an extension of time until December 12, 2007.

If there are any additional questions concerning this submission, please contact either the

undersigned at (+ 49) 451-882 5367, or the assigned US-correspondent Ms. Kathy Ander:
Sr. Director Regulatory Affairs, Drager Medical Systems, Inc., at (215) 660-2078

Sincerely,

B-1R

Hans-Gustav Paulsen

Manager Regulatory Affairs

Driger Medical AG & Co. KG
Moislinger Allea 53-55
D-23558 Liibeck
Postanschrift: 23542 Libeck
Telefon +49 451 882-C
Telefax +49 451 882-2080
E-mail; info@draeger.com
www.draeger.com

UID-Nr,: DEB12119413
Steuernummer 22 283 42757

Commerzbank AG, LUbeck

Konio-Nr. 0146795 00

BLZ 230 400 22

IBAN: DE95 2304 D022 00414 6785 00
Swift-Code: COBA DE FF 230
Dresdner Bank AG, Libeck

Korto-Nr. 371 077 400

BLZ 230 800 40

IBAN: DE28 2308 0040 0371 0774 00
Swifi-Code: DRES DE FF 230

C

nl

pa!\l,aﬂéﬂ

100760 AON

Dr. Karin LUbbers
Senior Manager Regulatory Affairs

Sparkasse zu Libeck

Konto-Nr. 107 1117

BLZ 230 501 01

IBAN: DE15 2305 011 0001 0711 17
Swift-Code: HSHN DE H1 SPL

Sitz der Geselischaft: Libeck
Handelsregister:
Amtsgericht Libeck HRA 4435 HL

=

Komplemenidr:

Dréiger Medical Verwaltungs AG
Sitr der Gesellschaft: LObeck
Handelsregister:

Amtsgericht Libeck HRB 5035
Vorsitzender des Aufsichtsrals:
Dipl.-Kfm. Theo Dréger
Vorsland:

Dr. Volker Pfahler (Vars.)
Dipl.-Kfm. Roland Jaksch

AW HEaO Vad
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5’* -/ DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service
LA ' —
e Food and Drug Administration
UCT 1 5 2007 9200 Corporate Boulevard

Rockville MD 20850

Driiger Medical AG & Co. KG
C/0O Kathy Anderson

Senior Director Regulatory Affairs
Drager Medical, Incorporated
3135 Quarry Road

Telford, Pennsylvania 18969

Re: K072412 .
Option SmartCare/PS for the EvitaXL ventilator
Dated: August 23, 2007
Received: August 27, 2007

Dear Ms. Anderson:

We have reviewed your Section 510(k) premarket notification of intent to market the device
i referenced above. We cannot determine if the device is substantially equivalent to a legally
' marketed predicate device based solely on the information you provided. To complete the
review of your submission, we require the following information:

325
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Page 3 - Ms. Andersori

The deficiencies identified above represent the issues that we believe need to be resolved
-before our review of your 510(k) submission can be successfully completed. In developing
the deficiencies, we carefully considered the statutory criteria as defined in Section 513(i) of
the Federal Food, Drug, and Cosmetic Act for determining substantial equivalence of your
device. We also considered the burden that may be incurred in your attempt to respond to
the deficiencies. We believe that we have considered the least burdensome approach to
resolving these issues. If, however, you believe that information is being requested that is
not relevant to the regulatory decision or that there is a less burdensome way to resolve the
issues, you should follow the procedures outlined.in the “A Suggested Approach to
Resolving Least Burdensome Issues” document. It is available on our Center web page at: .
http://www.fda.gov/cdrh/modact/leastburdensome.html '

You may not market this device until you have provided adequate information described
above and required by 21 CFR 807.87(}), and you have received a letter from FDA allowing
you to do so. If you markét the device without conforming to these requirements, you will
be in violation of the Federal Food, Drug, and Cosmetic Act (Act). You may, however,
distribute this device for investigational purposes to obtain clinical data if needed to
establish substantial equivalence. Clinical investigations of this device must be conducted in
accordance with the investigational device exemption (IDE) regulations. ‘

If the information, or a request for an extension of time, is not received within 30 days, we
will consider your premarket notification to be withdrawn and your submission will be ~
-deleted from our system. If you submit the requested information after 30 days it will be
considered and processed as a new 510(k); therefore, all information previously submitted
must be resubmitted so that your new 510(k) is complete.. ‘

The requested information, or a request for an extension of time, should reference your
above 510(k) number and should be submitted in duplicate to:

Food and Drug Administration
Center for Devices and
-Radiological Health ‘
Document Mail Center (HFZ-401)
9200 Corporate Boulevard
Rockville, Maryland 20850
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If you have any questions concerning the contents of the letter, please contact Charles M.
Kems at 240-276-3775. If you need information or assistance concerning the IDE
regulations, please contact the Division of Small Manufacturers, International and Consumer
Assistance at its toli-free number (800) 638-2041 or at (301) 443-6597, or at its Internet
address http://www.fda.gov/cdr}}/dsma/dsmamain.h[ml.

Sinceré_ly yours,

[l § S g,

Chiu Lin, Ph.D.

Director

Division of Anesthesiology, General Hospital, -
Infection Control and Dental Devices

Office of Device Evaluation

. Center for Devices and

Radiological Health

"__i_tr:': 328



Driiger Medical AG & Co. KG
C/0 Kathy Anderson

Senior Director Regulatory Affairs
Drager Medical, Incorporated
3135 Quarry Road

Tellord, Pennsylvania 18969

Re; K072412 '
Option SmartCare/PS for the EvitaXL. ventilator
Dated: August 23, 2007
Received: August 27, 2007

Dear Ms. Anderson:

We have reviewed your Section 510(k) premarket notification of intent to market the device
referenced above. We cannot determine if the device is substantially equivalent to a legally
markcted predicate device based solely on the information you provided. To complete the -

- review of your submission, we require the following information:
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‘Pagc 3 — Ms. Anderson

The deficiencies identitied above 1cplc€ent the issues that we believe need to be rcsolvcd
before ourreview of your 510¢k) submission can'be succcsslully completed. In dcvclopmg
the deficiencies, we carefully considered the statutory criteria as defined in Section 513(i) of
the Federal Food, Drug, and Cosmetic Act for determining substantial equivalence of your. .
‘device. We also considered the burden that may be incurred in your attempt to. rCspond'lo
the deliciencies. We belicve that we have considered the least burdensome approach to
resolving these issues. If, however, you believe that information is being requested that is
" not relevant to the regulatory decision or that there is a less burdensome way to 1csolve thc
issues, you should follow the procedures outlined in the “A Suggésted Approach to . -
Resolving Least Burdensome Issues” document. It is available on our Center web page dl
http://www.fda.gov/cdrh/modact/leastburdensome. htm!

‘ _Y'ou-may not market this device until Iyo‘u have provided adequate information described. . e

~ above and required by 21 CFR 807.87(1), and you have received a letter from FDA allowing |

“you to do so. If you market the device without conforming to these requirements, you will
be in violation of the Federal Food, Drug, and Cosmetic Act (Act). You may, however,
distribute this dévice for investigational purposes to obtain clinical data if needed to
cstablish substantial equivalence. Clinical investigations of this device must be conducted in
accordance with the investigational device exemption (IDE) regulations. '

" If the information, or a request [or an extension of time, is not received within 30 days, we
will consider your premarket notification to be withdrawn and yout submission will be
deleted from our system. If you submit the requésted information after 30 days it will'be
considered and processed as a new 510(k); therefore, all mformatlon previously sublnlucd
must be resubmitted so that your new 510(k) is Compictc

" The requested information, or a request-for an extension of time, should_ reference your
abovc 5]()(k) number dnd should be submutcd in duplncalc to: h

- -F()od and- Drug Admmmlrdtmn
Center for Devices and
Radiological Health
Document Mail Center (HFE 401)
9200 Cmporatc Boulevard
Rockville, Maryland 20850
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If you have any questions Concc'min(g'the contents of the letter, please contact Charles M,
Kerns at 240-276-3775. If you nced information or assistance concerning the IDE
regulations, please contact the Division of Small Manufacturers, International and Consumer
~ Assislance at its toll-free _nuinbcr (800) 638-2041 or at (301) 443-6597, or at its Internet
address http://www.fda.gov/cdrh/dsma/dsmamain.html. ‘

Siﬁ(_:ercly yOurs,.

Chiu Lin, Ph.D.
Director
Division of Anesthesiology, General Hospital,
Infection Control and Dental Devices -
Office of Device Evaluation
Center for Devices and
Radiological Health
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DEPARTMENT OF HEALTH AND HUMAN SERVICES Public Health Service

Food and Drug Administration
Center for Devices and
Radiological Health

Office of Device Evaluation
Document Mail Center (HFZ-401)}
9200 Corporate Blvd.

August 28, 2007 Rockville, Maryland 20850

DRAGER MEDICAL AG & CO. KGAA ) 510 (k) Number: K072412

C/0O DRAGER MEDICAL , INC. Received: 27-AUG-2007

3135 QUARRY ROAD Product: OPTION SMARTCARE FOR

TELFORD, PA 18969 EVITAXI,, SMARTCARE

ATTN: KATHY ANDERSON KIT CAPNO PACKAGE,
C02 SENSOR

The Food and Drug Administration (FDA}, Center for Devices and
Radiological Health . (CDRH), has received the Premarket Notification,
(510(k)), you submitted in accordance with Section 510(k) of the Federal
Food, Drug, and Cosmetic Act{Act) for the above referenced product and
for the above referenced 510(k) submitter. Please note; if the 510 (k)
submitter is incorrect, please notify the 510(k) Staff immediately. We
have assigned your submission a unique 510(k}) number that is cited above.
Please refer prominently to this 510(k) number in all future
correspondence that relates to this submission. We will notif ou when
the processing of your 510(k) has been completed or if any additional
information is required. YOU MAY NOT PLACE THIS DEVICE INTO COMMERCIAL
DISTRIBUTION UNTIL YOU RECEIVE A LETTER FROM FDA ALLCWING YOU TO DO SO,

Please remember that all correspondence concerning your submission MUST
be sent to the Document Mail Center (DMC)(HFZ—401? at the above
letterhead address. Correspondence sent to any address other than the
-one above will not be considered as part of your official 510 (k)
submission.

Please note the following documents as they relate to 510(k) review:
1)Guidance for Industry and FDA Staff entitled, "FDA and Industry Actions
on Premarket Notification (510(k))Submissions: Effect on FDA Review
Clock and Performance Assessment"”. The purpose of this document is to
assist agency staff and the device industry in understanding how various
FDA and i1ndustry actions that may be taken on 510(k)s should affect the
review clock for purposes of meeting the Medical Device User Fee and
Modernization Act (MDUFMA). Please review this document at

www. fda.gov/cdrh/mdufma/guidance/1219.html. 2)Guidance for Industry and
FDA Staff entitled, "Format for Traditional and Abbreviated 510(k)s".
This guidance can be found at www.fda.gov/cdrh/ode/guidance/1567.html.
Please refer to this guidance for assistance on how to format an original
submission for a Traditional or Abbreviated 510(k). 3}Blue Book
Memorandum regarding Fax and E-mail Policy entitled, "Fax and E-Mail
Communication with Industry about Premarket Files Undexr Review". Please
refer to this guidance for information on curreént fax and e-mail
practices at www.fda.gov/cdrh/ode/a02-01.html. '



\

ﬁp,

In all future premarket submissions, we encourage you to provide an
electronic copy of your submission. By doing so, you will save FDA
resources and may help reviewers navigate through longer documents more
easily. Under CDRH's e-Copy Program, you may replace one paper copy of
any premarket submission (e.g., 510(k), IDE, PMA, HDE) w1tg an electronic
copy. For more information about the program, includlng the formatting
requirements, please visit our web site at

www, fda.gov/cdrh/elecsub.html.

Lastly, you should be familiar with the requlatory requirements for
medical devices available at Device Advice www.fda. gov/cdrh/devadv1ce/"
If you have questions on the status of your submission, please contact
DSMICA at (240) 276-3150 or the toll-free number (800) 638-2041, or at
their Internet address http://www.fda.gov/cdrh/dsma/dsmastaf. html. TIf
you have procedural questions, please contact the 510(k) Staff at
(240)276-4040.

Sincerely yours,

Marjorie Shulman

Supervisory Consumer Safety Officer

Office of Device Evaluation

Center for Devices and Radiological Health
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Food and Drug Administration . Our ref,
Center for Devices and Radiological Health . mt-pg-ra
510(k) Document Mail Center (HFZ-401) Phone
9200 Corporate Boulevard +49 (0) 451 882 2041
Rockville, Maryland 20850 Fax
USA

+49 (0) 454 882 4351
E mail ’

gustav.paulsen@draeger.com

Special 510(k) Premarket Notification Option SmartCare / PS for the EvitaXL

Dear Madam, Dear Sir,

This Special 510(k) Premarket Notification is to notify FDA of Drager Medical AG & Co. KG's intent to
market the Option SmartCare / PS for the EvitaXL intensive care ventilator with additional promotional
material.

Please find enclosed two {2) paper copies of this Special 510(k) Premarket Notification.

If there is a need to discuss any aspect of this Premarket Notification, please contact either the

undersigned at +49 (451) 882-5367, or the assigned United States agent Ms. Kathy Anderson,
Drager Medical System, Inc., at (215) 660-2078.

Sincerely,

R-3 R K

Gustav Paulsen

— Ry

Dr. Karin Lubbers
Manager Regulatory Affairs Senior Manager Regulatory Affairség
2 ¥
Enclosure: Two paper copies submitted, 7’_3 -
. n - . -
Attachment: CDRH Submission Cover Sheet, Medical Device User Fee Cover Schgaet S t_;’.:Ja
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Driiger Madlcal AG & Co. KG Commerzbank AG, LOback Sparkasse zu Labeck Komplementér:
Molslinger Allee 53-55 Konlo-Nr. 0146785 00 Konto-Nr. 107 1117 Dréiger Medical Verwaltungs AG
D - 23558 Lubeck BLZ 230 400 22 BLZ 230501 1 Sitz der Gesellschaft: Libeck
Paostanschrift: 23542 Libeck IBAN: DE9S 2304 0022 0014 6795 00 IBAN: DE15 2305 0101 0001 0711 17 Handelsregisier:
Telefon +49-18 05-372 34 37 SWIFT-Code: COBA DE FF 230 SWIFT-Code: HSHN DE H1 SPL Amtsgericht Libeck HRE 5033
Telefax +49-4 51-8 82-37 79 Dresdner Bank AG, Lubeck Vorsitzender des Aufsichtsrates:
E-mail: business-support@draeger.com Konto-Nr. 371 077 400 Sitz der Geselischaft: LObeck Dipl.-Kfm. Theo Drager
www.dragger.com BLZ 230 800 40 Handelsregister: Vorstand:
UIC-Nr.; DEB12119413 IBAN: DEZ28 2308 0040 0371 0774 00 Amtsgericht LUbeck HRA 4435 HL
Steuernummer 22 283 42757 SWIFT-code: DRES DE FF 230

Digl.-ing. {BA}) Stefan Drager (Vors.)

i 352
Dipl.-Kim. Roland Jaksch ----! ; 3
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Date

Drager Medical AG & Co. KG, Maislinger Allee 53-55, 23542 Libeck, Germany
' 2007-08-23
Food and Drug Administration F"k‘l Our ref.
Center for Devices and Radiological Health mt-pg-ra
510(k) Document Mail Center (HFZ-401) - Phone
9200 Corporate Boulevard FDA CDRH DMC +49 (0) 451 882 2041
Egi(wlle, Maryland 20850 AUG 27 2007 Ei; © 451 892 435

E mail

RECEIVED ot

Special 510(k) Premarket Notification Option SmartCare / PS for the EvitaXL

Dear Madam, Dear Sir,

This Special 510(k) Premarket Notification is to notify FDA of Dréger Medical AG & Co. KG’s intent to
market the Option SmartCare / PS for the EvitaXL intensive care ventilator with additional promotional
material.

Please find enclosed two (2) paper copies of this Special 510(k) Premarket Notification.

If there is a need to discuss any aspect of this Premarket Notification, please contact either the
undersigned at +49 (451) 882-5367, or the assigned United States agent Ms. Kathy Anderson,
Drager Medical System, Inc., at (215) 660-2078.

Sincerely,
Gustav Paulsen . " Dr. Karin Lubbers
Manager Regulatory Affairs ~ ~ Senior Manager Regulatory Affairs

Enclosure: Two paper copies submitted,
Attachment: CDRH Submission Cover Sheet, Medical Device User Fee Cover Sheet

Driger Madical AG & Co. KG Cammerzbank AG, Libeck -Sparkasse zu Libeck Komplementér:

Molslinger Alloe §3-55 Konto-Nr, 0146795 00 Konto-Nr. 107 1117 . Dréger Medical Verwaltungs AG

D - 23558 Liiback BLZ 230 400 22 BLZ 230 501 01 Sitz der Gesellschaft: Libeck

Postanschrift; 23542 LUbeck IBAN: DES5 2304 0022 0014 679500 IBAN: DE15 2305 0101 0001 0711 17 Handelsregister:

Telefon +49-18 05-3 72 34 37 SWIFT-Code: COBA DE FF 230 SWIFT-Code: HSHN DE H1 SPL Amtsgericht Labeck HRB 5035

Telefax +49-4 51-8 82-37 79 Dresdner Bank AG, Ldbeck Vorsitlzender des Aufsichisrales:

E-mail: business-support@draeger.com  Konto-Nr. 371 077 400 Sitz der Gesellschaft: Liback Dipl.-Kfm. Thea Dréger

www.draeger.com BLZ 230 800 40 Handelsregister: Vorstand:

UID-Nr.: DEB12119413 IBAN: DE28 2308 0040 03710774 00  Amtsgericht LObeck HRA 4435 HL Dipl.-Ing. (BA) Stefan Driger (vors) - |4 !

Steuernummer 22 283 42757 SWIFT-cade: DRES DE FF 230 ~ Dipl.-Kfm. Roland Jaksch i
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Table of Contents for Special 510(k)
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0 Cover Letter incl. Executive Summary
- Submission Cover Sheet

- Medical Device User Fee Cover Sheet
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3 510(k) Summary

4 Indications for Use
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6 Proposed Device Labeling
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Crit Care Med 2006; 174:894-900.

7.2. Lewejohann, “Daily Practice With SmartCare ina

" Difficult to Wean Patient” in Respiratory Therapy:

Vol 1 No. 3, May 2006

7.3 Dasta et al., “Daily cost of an intensive care unit
day: The contribution of mechanical ventilation® in
Crit Care Med: Vol 33 No 6, June 2005
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Internet Article by American College of Emergency
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7.5 McManus et al., “Queuing Theory Accurately
Models the Need for Critical Care Resources” in
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. Supplement 32, 2004 pg. 211, A-83
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Dragermedical

A Driger and Siemens Company

EvitaXL with
SmariCare / PS Option

Executive Summary

This special 510(k) Premarket Notification is to notify FDA of Drager Medical AG & Co. KG's intent
to market the option SmartCare /PS for the EvitaXL intensive care ventilator with additional
promotional material.

The EvitaXL with SmartCare Option has not been changed in terms of technology or
manufacturing since the 510(k) submission K#051263. Only minor modifications that led to non-
filing decisions were performed.

SmartCare / PS has been developed for assisting physicians and respiratory therapists with the
standardization of the weaning process used in intensive care units. The system uses a computer
based representation of a clinical protocol for the management of pressure support (PS). The
SmartCare system refers to measured patient data (respiratory rate, tidal volume, expiratory CO,)
and adjusts the pressure support provided by EvitaXL for the patients.

A recent clinical study that was conducted in seven major hospitals in Europe with over 1000
patients involved showed results, that are incorporated in the promotional material presented with
this submission. The main results are:

- The weaning time can be reduced significantly,
- with this the total length of stay on the ICU can be reduced and
- ventitator induced complications can be reduced significantly.

Substantial equivalence is claimed to the predicate device EvitaXL by Drager Medical AG & Co.
KG (K051263).

This submission provides detailed information regarding the basis that the new promotional claims
are based on. The revised promotional material is included.

If there is a need to discuss any aspect of this submission, please contact either

Dr. Karin Luebbers, Senior Manager Regulatory Affairs

Draeger Medical AG & Co. KG, Moislinger Allee 53-55, D-23542 Luebeck, Germany
Phone: 49 (451) 882-5367, Fax: 49 (451) 882-7-5367

Email: karin.luebbers@draeger.com

or

Ms Kathy Anderson, Senior Director Regulatory Affairs
Draeger Medical, Inc., 3135 Quarry Road, Telford, PA 18969

Phone (215)-660-2078, Fax: (215) 721-5424
Email: kathy.anderson@draegermed.com

July 2007 Page 1 of 1
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CDRH SuBMIsSSION COVER SHEET

Date of Submission: FDA Document Number:
May 10, 2007 Qriginal Special 510(k)
Section A Type of Submission
PMA PMA Supplement PDP 510 (k) Meeting

(3 Original Submission [] Regular 1 Presubmission & Original Submission: [J Pre-IDE Meeting
O Modular Submission [ Special Summary OTraditional [ Pre-PMA Meeting
O Amendment O Panel Track ] Original PDP K Special [ Pre-PDP Mecting
O Report [0 30-Day Supplement [] Notice of intent to ] Abbreviated  [J 180-Day Meeting
0 Report Amendment  [] 30-Day Notice start clinical trials [J Additional 1 Other (specify):

[ 135-Day Supplement [ Intention to submit Information:

[ Real-time Review Notice of Completion 0 Traditional

] Amendment to [INotice of Completion O Special

PMA Supplement  [J Amendment to PDP O Abbreviated
[ Report
IDE Humanitarian Device  Class II Exemption Evaluation of Other Submission

] Original Submission Exemption (O Original submission ~ Autoematic Class III  Describe submission:
{1 Amendment [ Original submission [J Additional Designation
O Supplement [0 Amendrment information ] Original submission

3 Supplement [] Additional

[ Report information
Section B Applicant or Sponsor
Company / Institution name: Establishment registration number:

Drédger Medical AG & Co. KG 9611500
Division name (if applicable): Phone number (include area code):
N/A (011-49) 451-882-5367
Street address: FAX number (include area code):
Moislinger Allee 53 - 55 (011-49) 451-882-4351
City: State / Province: Country: ZIP / Postal Code:
Luebeck N/A Germany D-23542

Contact name:
Dr. Karin Luebbers

Contact title: Contact e-mai! address:
Senior Manager, Regulatory Affairs karin.luebbers@draeger.com
Section C Submission correspondent (if different from above)
Company / Institution name: Establishment registration number:
Draeger Medical Systems, Inc. 2510954
Division name (if applicable): Phone number (include arca code):
N/A (215) 660-2078
Street address: FAX number (include area code): _
3135 Quarry Rd. (215) 721-5424
City: State / Provinee: Country: ZIP / Postal Code:
Teiford PA USA. 18969
Contact name:
Kathy Anderson
Contact title: Contact e-mail address:
Senior Director, Regulatory Affairs kathy.anderson@draegermed.com
Version 2.0 May 8, 1998

1
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FDA Document Number:
Original Traditional 510(k)

Section D1

Reason for Submission — PMA, PDP, or HDE

[0 New device

O Withdrawal

O Additional or expanded indications
O Licensing agreement

1 Process change:
[OManufacturing
7] Sterilization
[ Packaging
[ Other (specify below)

O Response to FDA correspondence:
[0 Request for applicant hold
[ Request for removal of
applicant hold
1 Request for extension
O Request to remove or add
manufacturing site

[J Other reason (specify):

O Change in design, component, or
specification:
O Software
O Color Additive
O Matenal
O Specifications
[0 Other (Specify below)

O Labeling Change:
O Indications
O Instructions
[JPerformance Characteristics
[ Shelf life
0 Trade Name
(3 Other (specify below)

O Location change:
[0 Manufacturer
O Sterilizer
O Packager
O] Distributor

[0 Report submission:
{1 Annual or periodic
[ Post-approval study
[0 Adverse reaction
O Device defect
O Amendment

[ Change in ownership
{1 Change in correspondent

O IRB certification
[0 Request hearing

1 Request waiver

[0 Tenmination of study

0 Withdrawal of application

[0 Unanticipated adverse effect
[0 Notification of emergency use
[J Compassionate use request

3 Treatment IDE
O Continuing availability request

O Other reason (specify)

Section D2 Reason for Submission — IDE

O New device O Change in: [0 Response to FDA letter concerning:
[0 Addition of institution 1 Correspondent [ Conditional approval

] Expansion/ extension of study O Design [0 Deemed approved

O Informed consent

O Manufacturer

O Manufacturing process
O Protocol - feasibility
[0 Protocol — other

O Sponsor

O Report submission:
0 Current investigator
[0 Annual progress
[0 Site waiver limit reached
[J Final

O Deficient final report

O Deficient progress report

O Deficient investigator report

[J Disapproval

O Request extension of time to
respond to FDA

O Request meeting

Section D3

Reason for Submission — 510 (k)

O New device
O Addition or expanded indications
[0 Other reason (specify):

Change in Labelling

[ Change in technology
O Change in design

0 Change in materials
[ Change in manufacturing process

Version 2.0

May 8, 1998

bl
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FDA Document Number:
Original Traditional 510(k)

Section E

Additional Information on 510(k) Submissions

Product codes of devices to which substantial equivalence is claimed:

Summary of, or statemegt concerning,
safety and effectiveness data:

1cBK 2 3 4 & 510(k) summary attached
5 < > 2 (see Section 16 of the subrnission)
{J 510({k) statement
Information on devices to which substantial equivalence is claimed:
510(k) Number Trade or proprietary or model name Manufacturer
' K051263 ' Evita XL with Option SmartCare ' Drager Medical AG & Co. KG
7 7 3
3 3 3
7 3 q
5 5 5
3 5 5
7 7 7
Section F Product Information -- Applicable to All Applications

Common or usual name or classification name: Ventilator, continuous

Trade or proprietary or model name Model number
1. Option SmartCare™ for EvitaxL 1. 8415941
2. SmartCare kit Capno package 2. 8415942
3. CO:sensor CapnoSmart 3. 6871500
4. 4.
3. 5.
B. 6.
7. 7.
8. 8.
9. 9.
FDA document numbers of all prior related submissions (regardless of outcome):
1 2 3 4 5 6
7 8 9 10 11 12
Data included in submission: [] Laboratory testing [0 Animal trials K Human trials
Section G Product Classification — Applicable to All Applications
Product code: C.F.R. Section: Device class:
CBK 868.5895 O Class 1 R Class I
Classification panel: 0O Class III [0 Unclassified
Anesthesiology

Indications (from labeling):
please see Section 4 of the 510(k) submission

Version 2.0

May 8, 1998
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Note: Submission of this information does not affect the need to submit a
2891 or 2891a Device Establishment Registration form.

FDA Document Number:
Original Traditional 510(k)

Section H Manufacturing/Packaging/Sterilization Sites Relating to a Submission

& Original FDA establishment registration number:
JAdd  [JDelete 9611500

K] Manufacturer {1 Contract sterilizer
] Contract manufacturer [ Repackager / relabeler

Company / Institution name:
Driger Medical AG & Co. KG

Establishment registration number:
9611500

Division name (if applicable):

Phone number (include area code):

N/A 011 49 (451) 882-5367
Street address: FAX number (include area code):
Moislinger Allee 53 — 55 011 49 (451) 882-4351
City: State / Province: Country: City:
Libeck N/A Germany Labeck
Contact name:
Dr. Karin Luehbers
Contact title: Contact ¢-mail address:
Senior Manager Regulatory Affairs karin.luebbers@draeger.com
[ Original FDA establishment registration number: O Manufacturer [J Contract sterilizer
[J Add [ Delete 0 Contract manufacturer O Repackager / relabeler

Company / Institution narne:

Establishment registration number:

Division name (if applicable):

Phone number (include area code):

Street address:

FAX number (include area code):

City: State / Province:

Country: ZIP / Postal Code:

Contact name:

Contact title:

Contact e-mail address:

(3 Original FDA establishment registration number:
[1 Add O Delete

] Manufacturer O Contract sterilizer
O Contract manufacturer [ Repackager / relabeler

Company / Institution name:

Establishment registration number:

Division name (if applicable):

Phone number (include area code):

Street address: FAX number (include area code):

City: State / Province: Country: ZIP / Postal Code:

Contact name:

Contact title: Contact e-mail address:
Version 2.0 May 8, 1998
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Special 510(k)
EvitaXL with SmartCare / PS Option

Checklist for Traditional 510(k) Premarket Notification

Dragermedical

A Driger and Siemens Company

acc. to ODE Screening Checklist for all Premarket Notification [510{k)] Submissions, Section 1 and 4

Contents Provided in Present or
Section not applicable
Cover letter, containing the elements listed on page 3-2 of the Premarket 0] 1
Notification [510)] Manual.
Table of Contents 1 %]
Truthfu! and Accurate Statement 2 |
Device's Trade Name, Device's Classification Name and Establishment 0 %]
| Registration Number
Device Classification Regulation Number and Regulatory Status (Class |, 0 |
Class Il, Class lll or Unclassified)
Proposed Labeling including the material listed on page 3-4 of the Pre- 6 M
market Notification [510)] Manual
Statement of Indications for Use that is on a separate page in the pre- 4 1]
market submission
Substantial Equivalence Comparison, including comparisons of the new 5 %]
device with the predicate in areas that are listed on page 3-4 of the Pre-
market Notification [510)] Manual
510(k) Summary or 510(k) Statement 3 |
Description of the device {or modification of the device) including dia- 5 M
| grams, engineering drawings, photographs or service manuals
Identification of legally marketed predicate device 5 |
Compliance with performance standards. * [See Section 514 of the Act na |
and 21 CFR 807.87 (d).]
Ciass |ll Certification and Summary na na
Financial Certification or Disclosure Statement for 510{k) notifications 8 ™
with a clinical study. * [See 21 CFR 807.87 {(i}]
510Q(k) Kit Certification na na
Biocompatibility data for all patient-contacting materials, OR certification na na
of identical material/formulation
Sterilization and expiration dating information: na na
i} sterilization process
i} validation method of sterilization process
i} SAL
iv) packaging
v) specify pyrogen free
vi) ETO residues
vii) radiation dose
viii) Traditional Method or Non-Traditional Method
Software Documentation na 1
type release status effective date number organization page/of
TEMPLATE | RELEASED | 30.09.2004 DMS PQ2160 A1 DrégerModieal | 111
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EvitaXL with nlﬁgEf medical

SmartCare / PS Option
ADriger and Siamens Company

Premarket Notification Truthful and Accurate Statement
(Section 2)

Food and Drug Administration

Center for Devices and Radiological Health
Office of Device Evaluation

Document Mail Center {HFZ-401)

9200 Corporate Blvd.

Rockyville, Md 20850

Premarket Notification
Truthful and Accurate Statement
(As required by 21 CFR 807.87(k))

| certify that, in my capacity as the Project Manager for the Option SmartCare / PS for
EvitaXL, | believe to the best of my knowledge, that all data and information submitted in this
premarket notification are truthful and accurate and that no material fact has been omitted.

%/W @%/ﬁ oo f0& (20

S#fan Mersmann Date
Project Manager
Drager Medical AG & Co. KG

May 2007 Page 1 of 1
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510(k) S ‘ .o .
Smar‘tCa‘:':lg:t%n for EvitaXL nrager medlca'

A Dréger and Siemens Company

510(k) Summary

acc. to 21 CFR 807.92

Submitter’s Name and Address: Drager Medical AG & Co. KG
Moislinger Allee 53-55
23542 Libeck
Germany

Contact Person: Dr Karin Luebbers
Senior Manager Regulatory Affairs

Phone: + 49 (451) 882-5367
Fax: + 49 (451) 882-7-5367

Applicant’s US Contact Person: Ms Kathy Anderson
’ Senior Director Regulatory Affairs

Phone:  (215) 660-2078

Fax: (215) 721-5424
Date submission was prepared:; July 31%, 2007
Device Name;
Common Name: Iintensive Care Ventilator
Classification Name: Continuous Ventilator
Regulation Number: 21 CFR 868.5895
Class: 2

Legally Marketed Device Identification: EvitaXL with SmartCare Option (K051263)
Device Description:

The EvitaXL is a time-cycled microprocessor-controlled intensive care ventilator. The option SmartCare™ for
the EvitaXL has been developed for assisting physicians and respiratory therapists with the standardization of
the weaning process used in intensive care units. The system uses a computerbased representation of a pro-
tocol and focusses on the management of pressure support.

Scope of this submission is an extension of claims made in the promotional material, while the device itself
remains unchanged except for minor modifications that led to non-filing decisions. The indications for use, the
intended use and the instructions for use alsc remain unchanged.

Intended Use:

The SmartCare/PS system is designed to stabilize the patient's spontaneous breathing in a "comfortable zone"
and to reduce inspiratory support. SmartCare can be used for intubated or tracheotomized patients. Patients
with body weight between 15 and 35 kg (33.1 and 77.8 |bs) must be endotracheally intubated and ventilated
with active humidification. The patients should be haemodynamically stable with adequate oxygenation and
spontaneous breathing.

Predicate Device:

510(k) Numher Device Name Manufacturer
K051263 EvitaXL Dréager Medical AG & Co. KG

Substantial Equivalence:

The device and its labelling are identical to the predicate device. Substancial equivalence is claimed on that
basis.

type release status | effective date | number organization page/of
TEMPLATE | RELEASED | 30.09.2004 DMS PQ2160 A4 D‘;ggg’g"oedfé“ 1n
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Drager Medical AG & Co. KGAA
¢/o Ms. Monica Ferrante

Director of Regulatory Affairs
Drager Medical, Incorporated
3135 Quarmry Road

Telford, Pennsylvania 18969

Re: K051263
Trade/Device Name: EvitaXL with Option SmartCare
Regulation Number: 21 CFR 868.5895
Regulation Name: Continuous Ventilator
Regulatory Class: [I
Praduct Code: CBK
Dated: April 29, 2005
Received: May 16, 2005

Dear Ms. Ferrante:

We have reviewed your Section 510(k) premarket notification of intent to market the device
referenced above and have determined the device is substantially equivalent (for the indications
for use stated in the enclosure) to legally marketed predicate devices marketed in interstate
comunerce prior to May 28, 1976, the enactment date of the Medical Device Amendments, orto .
devices that have been reclassified in accordance with the provisions of the Federal Food, Drug,
and Cosmetic Act (Act) that do not eequire approval of a premarket approval application (PMA).
You may, therefore, market the device, subject to the general controls provisions of the Act. The
general contrals provisions of the Act include requirements for annual registration, listing of
devices, good manufacturing practice, labeling, and prohibitions against misbranding and
adulteradon.

If your device is classified (see above) into either class 1T (Special Controls) or class ITT (PMA), it
may be subject to such additional controls. Existing major regulations affecting your device can
be found in the Code of Federal Regulations, Title 21, Parts 800 to 898. in addition, FDA may
publish further announcements conceming your device in the Federal Register.
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Page 2 — Ms. Monica Ferrante

Please be advised that FDA's issuance of 2 substantial equivalence determination does not mean
that FDA has made a determination that your device complies with other requirements of the Act
or any Federal statutes and regulations administered by other Federal agencies. You must
comply with all the Act’s requirements, including, but not limited to: registration and listing (21
CER Part 807}; labeling (21 CFR Part 801); good manufacturing practice requirements as set
forth-in the quality systems (QS) regulation (21 CFR Part 820); and if applicable, the electronic
product radiation control provisions (Sections 531-542 of the Act); 21 CFR 1000-1050.

This letter will allow you to begin marketing your device as described in your Section 510(k)
premarket notification. The FDA finding of substantial equivalence of your device to a legally
marketed predicate device results in a classification for your device and thus, penmts your device
to proceed to the market.

If you desire specnﬁc advice for your device on our labeling regulation (21 CFR Part 801), please
contact the Officc of Compliance at (240) 276-0120. Also, please note the regulation entitled,
“Misbranding by reference to premarket notification” (21CFR Part 807.97). You may obtain
other general informarion on your responsibilities under the Act from the Division of Small
Manufacturers, International and Consumer Assistanee ar its toll-free number (800) 638-2041 or
(301) 443-6597 or at its Internet address httpi/fwww.fd rh/indus ndex.html.

Sincerely yours,

Ditrector
Division of Anesthesiology, General Hospital
Infection Control and Dental Devices
-Office of Deviee Evaluation
Center for Devices and
Radiological Health

Enclosure

i 368
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Indications for Use

510(k) Number (if known): kos1263
Device Name: EvitaXL with Option SmartCare

Indications Far Use: The EvitaXL Is a long-term ventllator for intenslva care for adults, children,
and infants with a body weight of at least 3 kg (6.6 tbs),

With SmanCara™/FS the EvitaXl. is intended to stabillze the pafient's
spontanegcus breathing in 8 "comforiable zone® and to reduce Inspiratory
suppoart for adults and children with a body weight of at least 16 kg (33 (s},
The patients should be haemodynamically stable with adequate oxygeashon
end spontaneous breathing, SmartCare can be used for intubated or

_ frachectomized patients. Patiefts with bady weight between 15 and 35 kg
{33.1 and 77.8 ibs) must be endotracheally intubsated and ventilated with
active humidification,

SmartCare™/PS is contraindicated in case of severe COPD and severe
neuralogic disorder that effects the sarebral cantrol mechanism of the
spontaneous breathing pattam.

Prescription Use X AND/OR Qver-The-Counter Use
(Part 21 CFR 801 Subpart D) " (21 CFR 807 Subpart C)

(PLEASE DO NOT WRITE BELOW THIS LINE-CONTINUE ON ANOTHER PAGE IF
NEEDED) | <

Concurrence of CDRH, Office of Device Evaluation (QODE)

(s fofrorn

(Division 3ign-Off)
Division of Anesthesidlogy, General Hespital, . Pagetofs
Infection Control, Dental Davices

KeS\Lo?

§10(k) Number

Boos
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Indications for Use

510(k) Number (if known):

Device Name: EvitaXL with Option SmartCare

Indications For Use: The EvitaXL is a long-term ventilator for intensive care for
adults, children, and infants with a body weight of at least
3 kg (6.6 Ibs).

With SmartCare™/PS the EvitaXL is intended to stabilize
the patient's spontaneous breathing in a "comfortable
zone" and to reduce inspiratory support for adults and
children with a body weight of at least 15 kg (33 Ibs). The
patients shoutd be haemodynamically stable with
adequate oxygenation and spontaneous breathing.
SmartCare can be used for intubated or tracheotomized
patients. Patients with body weight between 15 and 35
kg (33.1 and 77.8 Ibs) must be endotracheally intubated
and ventilated with active humidification.

SmartCare™/PS is contraindicated in case of severe
COPD and severe neurologic disorder that affects the
cerebral controi mechanism of the spontaneous breathing
pattern.

Prescription Use __X AND/OR Over-The-Counter Use
(Part 21 CFR 801 Subpart D) (21 CFR 807 Subpart C)

(PLEASE DO NOT WRITE BELOW THIS LINE-CONTINUE ON ANOTHER PAGE F
NEEDED)

Concurrence of CDRH, Office of Device Evaluation (ODE)

Page1of _1_

370



510(k) Number (if known):
Device Name:

Indications For Use:

Prescription Use __ X

(Part 21 CFR 801 Subpart D)

Indications for Use

K 051263

EvitaXL with Option SmartCare

The EvitaXL is a long-term ventilator for intensive care for adults, children,
and infants with a body weight of at least 3 kg (6.6 Ibs}.

With SmartCare™/PS the EvitaXL is intended to stabilize the patient's
spontaneous breathing in a "comfortable zone" and to reduce inspiratory
support for adults and children with a body weight of at least 15 kg (33 ibs).
The patients should be haemodynamically stable with adequate oxygenation
and spontaneous breathing. SmartCare can be used for intubated or
tracheotomized patients. Patients with body weight between 15 and 35 kg
(33.1 and 77.8 Ibs) must be endotracheally intubated and ventilated with
active humidification.

SmartCare™/PS is contraindicated in case of severe COPD and severe
neurologic disorder that effects the cerebral control mechanism of the
spontaneous breathing pattem.

AND/OR Over-The-Counter Use
(21 CFR 807 Subpart C)

(PLEASE DO NOT WRITE BELOW THIS LINE-CONTINUE ON ANOTHER PAGE IF

NEEDED)

Concurrence of CDRH, Office of Device Evaluation (ODE)

Page 1 of 1
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Dragermedical

EvitaXL with . A Driger and Siemens Company
SmartCare / PS Option
Description of the Device (Section 5)

This section provides information on changes that were made to the EvitaXL since the last
Premarket notification: K051263 dated July, 12" 2005. (see attachment 5.1 in this section).

Intended Use
The intended use of the EvitaXL with SmartCare Option as cleared by FDA under # K0O51263
remains unchanged.

Specifications
The specifications of the EvitaXL with SmartCare Option as cleared by FDA under # K051263
remain unchanged.

Comparison to predicate device

All changes to the EvitaXL with SmartCare Option were developed, qualified, and reviewed in
accordance with ‘The Quality Systems Regulations for Designs Controls’, and Drager Medicals
internal Product Development procedures. The changes were reviewed in accordance with 510(k)
Memorandum #K97-1, ‘Deciding When to Submit a 510(k) for a Change to an Existing Device', and
a 510(k) rationale is on file for each project release. ‘

No major changes be it technology, engineering, material, performance or labeling were made to
the EvitaXL and the SmartCare option.

All of the above mentioned changes did neither change the overall performance or specification of
the device EvitaXL nor the SmartCare Option, which led to Non-filing decisions for the changes.

May 2005 Page 1 of 1
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. Food and Drug Administration
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Drager Medical AG & Co. KGAA
¢/o Ms. Monica Ferrante

Directar of Regulatory Affairs
Drager Medical, Incorporated
3135 Quamry Road

Telford, Pennsylvania 18969

Re: K051263
Trade/Device Name: EvitaXL with Option SmartCare
Regulation Number: 21 CFR 868.5895
Regulation Name: Continuous Ventilator
Repulatory Class: II
Produet Code: CBK
Dated: April 29, 2005
Received: May 16, 2005

Dear Ms. Ferrante:

We have reviewed your Section 510(k) premarket notification of intent to market the device
referenced above and have detzrmined the device is substantially equivalent (for the indications
for use stated in the enclosure) to legally marketed predicate devices marketed in interstate
comunerce prior to May 28, 1976, the enactment date of the Medical Device Amendtnents, or to
devices that have been reclassified in accordance with the provisions of the Federal Food, Drug,
and Cosmetic Act (Act) that do not require approval of a premarket approval application (PMA).
You may, therefore, market the device, subject to the general controls provisions of the Act. The
general controls provisions of the Act include requircments for annual registration, listing of
devices, good manufacturing practice, labeling, and prohibitions against misbranding and
adulteration. :

If your devioe is classified (see abave) into either class II (Special Controls) or class IIf (PMA), it
may be subject to such additional controls. Existing major regulations affecting your device can
be found in the Code of Federal Regulations, Titlte 21, Parts 800 to §98. In addition, FDA may
publish further announcements conceming your device in the Federal Register, '
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Page 2 — Ms. Monica Ferrante

Please be advised that FDA's issuance of a substantial equivalence determination does not mean
that FDA has made a determination that your device complies with other requirernents of the Act
or any Federal statutes and regulations administered by other Federal agencies. You must
comply with all the Act’s requirements, including, but not limited to: registration and listing (21
CFR Part 807); labeling (21 CFR Part 801), good manufacturing practice requirements as set
forthin the quality systems (QS) regulation (21 CFR Part 820); and if applicable, the electronic
product radiation control provisions (Sections 531-542 of the Act); 21 CFR 1000-1050,

This letter will allow you to begin marketing your device as described in your Section 510¢k)
premarket notification. The FDA finding of substantial equivalence of your device to  legally
warketed predicate device results in a classification for your device and thus, pemuts your device
to praceed to the market.

If you desire specific advice for your device on our labeling regulation (21 CFR Part 801), please
contact the Officc of Compliance at (240) 276-0120. Also, please note the regulation entitled,
"Misbranding by reference to premarket notification” (21CFR Part 807.97). You may obtain
other general information on your responsibilities under the Act from the Division of Small
Manufacturers, International and Consumer Assistance at its toll-free number (800) 638-2041 or
(301) 443-6597 or at its Internet address http://www. rh/indus ort/index.html.

Sincer=ly yours,

Director
Division of Anesthesiology, General Hospital
Infection Control and Dental Devices
Office of Device BEvaluation
Center for Devices and
Radiological Health

Enclosura
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indications for Use

510(k) Number (if known): k os1263

Device Name: EvitaXL with Option SmantCare

04
@oos

indications For Use: The EvitaXL is a long-term ventijator for intenslve care for adults, children,

and infants with & body weight of at least 3 kg (6.6 tha),
With SmartCare™/PS the EvitaXl. is intended to stabilize the patient'

spentaneous hreathing in 8 "comfartable zone® and to reduce Inspirstory
suppart for adults and children with a body weight of at least 15 kg (33 Ibs),
The patients should be haemodynamically stable with adequate oxygensiion

and spontaneous breathing, SmartCare can be used for intubated or
trachectomiZed patients. Patients with bady weight between 15 and 35

kg

(33,1 and 77.8 ibs) must be endotracheally intubated and ventilated with

active humidification,

SmartCare™/P$ is contraindicated in case of severe COFD and severa
neuralogic disorder that affects the sarebral cantrol mechanism of the
spontaneous breathing pattam.

Prescription Use __ X AND/OR Qver-The-Counter Use
(Part 21 CFR 801 Subpart D) T (21 CFR 807 Sutpart C)

(FLEASE DO NOT WRITE BELOW THIS LINE-CONTINUE ON ANOTHER PAGE IF
NEEDED) |

Concurrenca of CORH, Office of Device Evaluation (ODE)

(o g

( E.)i\.ri.sr'on Sign-Off)
Divisian of Anesthesidiogy, General Hospital, . Page1of i
imfection Control, Dental Davices

510(k) Number KeS\lo?




Dragermedical

EvitaXL with . , A Drager and Siemens Company
SmartCare / PS Option

Proposed Device Labeling (Section 6)

The device labeling of the EvitaXL and the SmartCare Option in terms of instructions for use and
device labe! (adhesives) is not changed. Thus the material is not included in this submission.

The promotional material included in the first SmartCare submission K#051263 remains in use
unchanged and is not included in this submission.

The changes covered by this submission refer only to the promotional material appended to this
section. It comprises customer presentations, a print advertisement and an Excel spreadsheet
called ‘Hospital Flow Calculation Tool'.

Drager Medical intends to create more promotional material based on the claims stated in this
submission.

Summary of Claims

The claims made in the promotional material are summarized as follows:

Medical results:

Increase efficiency and improve therapy to help accelerate healing
Reduce ventilator induced injuries and. complications

Decrease potential for infections

Avoid re-intubation

Avoid infections and complications

Increase of quality of outcomes

Time reduction:

Reduce weaning duration to impact length of stay
Reduce overall ventilation time by 33%

Decrease ICU length of stay by up to 20%
Reduce weaning duration by up to 50%
Accelerate healing and reduce ventilation time
Wean fast with SmartCare

Cost reduction:

?4-! —
4

Impact the bottom line

The concrete presentation of the claims is shown in the appended slides

July 2007 Page 1 of 25

376



Urdgermedical

A Dréiger and Siemens Company

EvitaXL with
SmartCare / PS Option

List of Appendices

Appendix 6.1: Excerpt form Presentation “Impact’

Appendix 6.2: Excerpt form Presentation “Integrated CareArea™ Solutions for Critical
Care”

Appendix 6.3: Excerpt form Presentation “Impact Solutions for Critical Care Ventilation”

NOTE: The complete presentations listed under 8.1 - 8.3 cover a wide
range of Drager products. The excerpts included here comprise the
SmartCare section of these presentations.

Appendix 6.4: “Impact” Print Ad

Hospital Flow Calculation Tool

The calculation tool uses queuing theory to model patient throughput through a hospital or a
single unit based upon admission requests, available beds and length of stay on the ICU.

The tool has neither diagnostic nor therapeutic inputs or outputs.

As potential ICU patients cannot wait for treatment, the allowed queue is zero. The simulation
calculates the probability of the ICU being full and therefore the probability that patients that
cannot be admitted due to full occupancy of the ICU have to be diverted to other hospitals.

Input parameters for the simulation are:

- admission requests

- available beds

- length of stay {(on a monthly basis over 2 years)
- percentage of ventilated patients

The actual hospital data are modified allowing for the effects of SmartCare. The reduced length
of stay results in an increased throughput for the ICU. This is shown by the main output
parameters of the simulation:

- utilization (percentage of use of available beds)

- number of rejected patients per month

- length of stay of admitted patients.

These data are transferred into a business case calculation considering the coverage of fix costs
of a day at the ICU, the revenues of additionally treated patients and the investment for
SmartCare equipped devices. The impact on the financial result of the hospital is shown as the
final result of the calculation.

NOT E‘:

For reviewing the tool please refer to the appended CD ROM. Install QTP (a package of Excel
formulas for modeling queues) first. Open simulate final.xls.

July 2007 Page 2 of 25
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EvitaXL with ) ADréger and Siemens Company
SmartCare / PS Option

List of Appendices

Appendix 6.5: Presentation: Hospital Flow Calculation Tool (including screen shots)
Appendix 6.6: Paper: “The Hospital Flow Diagnostic” Description for Excel based
Calculation Tool
Appendix 6.7: CD Rom with Hospital Flow Calculation Tool
Contents: simulate final.xls (Microsoft Excel Spreadsheet)

QTP 4.0 {necessary Excel Plug in)

July 2007 Page 3 of 25
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Uragermedical

ADriger and Siemens Company

Appendix 6.4: “Impact” Print Ad

What's one way to dramatically
impact Critical Care?

Reduce overall ventilation time by
up to 33%

with Drager Medical's
SmartCare™ automated weaning.
It's not only possible... it's
documented. Think of what that
can mean to your patients... your
productivity... and your bottom
line.

Yet it's just one aspect of our
integrated CareAreaTM Solutions
for Critical Care... and the entire
care process.

To discover how all of our
innovative solutions can impact
your care process, visit
www.draeger-medical.com

*F. Lellouche et al., Intensive Care
Medicine 2004, Vol. 30,
Supplement 1, 254:P69.

What'’s one way to dramatically
impact Critical Care?

Reduce overall ventilation time by up to

with Difiger Medical s SmartCare™ mbomake d weaning

It pot caly possible... it's documsoted Think of what thal can
mean lo your patknls.. your preductivily. . and your batlem iine
Wt I 5 just one aspact of our Inlsgratad CamArea™ Solutlons for
Crilical Care... and Ue ntim cars prooess

To dcover how all of cur | nnovatis solitions can impact your
cam process. visil weew dra ger madkalcom

Urdgermedical

A D 3l vane O
B leiiacmedn o, anire Sare Medhim o Wk 50 SEpemaal L A4 gar avi Binmaana Company

Emargeacy Com - Peryw retive Cam - Criiosl Care . Pardnatal Care - Homa Care

July 2007
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EvitaXL with ) A Drager and Siemens Company
SmartCare / PS Option

Appendix 6.5: Hospital Throughput Calculation Tool

The presentation contained in this appendix gives an overview on the calculation of ICU
throughput with the Excel spreadsheet.

Pages that contain screenshots from the spreadsheet are marked with  *)XLS.

Uragermedical

A Driiger and Siemans Company

VACANCY

Do you have to

divert patie NS from the emergency room
orreschedule operations vecause the ICU IS
full?

Emergency Care - Perioperative Care - Critical Care - Perinatal Care - Home Care Because you care

July 2007 Page 15 of 25
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EvitaXL with ADrager and Siemens Company

SmartCare / PS Option
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The Hospital Flow Diagnostic

The Hospital Flow Diagnostic describes a method for measuring hospital throughput and hospital
activity based on bed turns. Hospital flow can be measured at several levels. Each level
provides a portion of the total measurement picture.

¢ Patient and Community
» Hospital Throughput
o Hospital Activity

¢ Hospital Performance

The Patient and Community level demands the consideration of patient and community
satisfaction. The actual measurements for these levels of satisfaction often are not available, but
are inherently known by the hospital, patients and community. A methodology for this metric
should be developed.

The Hospital Performance level will be measured by ICU, PACU and ED percent of capacity
wasted to boarders, case mix adjusted LOS for nursing home patients, percent of patients leaving
ED without being seen and percent of time on diversion will be used to evaluate the performance
of the hospital.

The focus of this document is a method for measuring Hospital Throughput and Hespital
Activity focusing on “bed turns”. Bed turns can be looked at both with and without adjustment
for acuity based on the case mix index.

Last updated 4/22/2005
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SmartCare / PS Option

Performance and Testing Data (Section 7)

July 2007 Page 1 of 4
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We have developed IHI's Innovation Series white papers to further our mission of improving the
quality and value of health care. The ideas and findings in these white papers represent innovative
work by organizations affiliated with IHI. Our white papers are designed to share with readers the
problems THI is working to address; the ideas, changes, and methods we are developing and testing
to help organizations make breakthrough improvements; and early results where they exist.

Copyright® 2003 Institute for Healthcare Improvement

All rights reserved. No part of this paper may be reproduced or transmitted in any form or by any
means, electronic or mechanical, including photocopying, recording, or by any information storage
or retrieval system, without written permission from the Institute for Healthcare Improvement.

The Institute for Healthcare Improvement (IH}) acknowledges the contributions of:

Carol Haraden, PhD, Vice President, [HI

Tom Nolan, PhD, Senior Fellow, IH!

Roger Resar, MD, Senior Fellow, IHI

Eugene Litvak, PhD, Professor of Health Care & Operations Management,
Boston University School of Management

Members of IHI's IMPACT Network and Pursuing Perfection initiatives

For reprint requests, please contact:

Institute for Healthcare Improvement, 20 University Road, 7th Floor, Cambridge, MA 02138
Telephone (617) 301-4800, or visit our website at www.ihi.org
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Optimizing Patient Flow

Moving Patients Smoothly Through Acute Care Settings

This paper is based on work funded, in part, by Pursuing Perfection: Raising the Bar for Health
Care Performance, a national program supported by The Robert Wood Johnson Foundation with

direction and technical assistance by the Institute for Healthcare Improvement.
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Optimizing Patient Flow: Moving Patients Smoothly Through Acute Care Settings

Executive Summary

Because waits, delays, and cancellations are so common in health care, patients and providers
assume that waiting is simply part of the care process. But recent work on assessing the reasons for

delays suggests otherwise.

Optimizing Patient Flow is part of a series of innovative programs developed by the Institute for

Healthcare Improvement (IHI) in Cambridge to help hospitals improve the care they provide patients.

With the Optimizing Patient Flow program, [HI offers new perspectives on the impediments to
timely and efficient flow of patients through acute care settings. The program offers a model for

evaluating patient flow, testing changes for improvement, and measuring results.

THI and approximately 50 hospitals have been working together to evaluate what influences the
smooth and timely flow of patients through hospital departments, and to develop and implement
methods for improving flow. Specific areas of focus include reducing waits for inpatient admission
through emergency departments, achieving timely and efficient transfer of patients from the intensive
care unit and the post-anesthesia care unit (PACU) to medical/surgical units, and improving flow

from the inpatient setting to long-term care facilides.

While few hospital areas are designed to achieve optimal flow of patients, the emergency department,
intensive care unit, and operating rooms and their related pre- and post-care areas tend to be major
bottlenecks because they are non-interchangeable resources. Reducing delays and unclogging
bottlenecks depends on assessing and improving flow between and among these departments, and
throughout the entire system, rather than in isolated departments.

IHI believes that the key to improving flow lies in reducing process variation that impacts flow. While
some variability is normal, other vartation is not and should be eliminared. Hospitals working with
THI have tested a range of changes to reduce process variation and improve flow. These changes are

described in this paper.

© 2003 Institute for Healthcare Improvement
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Introduction

Patiencs and providers alike regard waits, delays, and cancellations as a normal part of getting and

giving care. Particularly in hospitals, waiting seems intrinsic and, to many, intractable,

Acute care settings are plagued with waits, delays, and diversions. Nowhere is this more observable
and its impact more palpable than in hospital emergency departments (EDs). These are busy places,

and gerting busier.

In the United States, EDs experienced a 20 percent increase in patient visits over the past decade.’
Not surprisingly, ED waiting times have also increased. According to the Centers for Disease
Control and Prevention, the average wait time for non-urgent visits increased between 1997 and

2000 by 33 percent, from 51 minutes to 68 minutes.*

Diverting ambulances away from hospitals that are at capacity is another problem on the rise. An
October 2001 government study in the US showed that “ambulance diversions have impeded access
to emergency services in metropoliran areas in at least 22 states since January 1, 2000. More than 75
million Americans reside in the areas affected by these ambulance diversions.™

Examples abound, according to the study. “In Tucson, Arizona, so many hospirals diverted ambulances
that paramedics had to struggle to find any place to bring patients. In the Boston area, ambulance
diversions last year ran as much as ten times higher than in previous years. On some days in Atlanta,
eight to ten hospitals diverted ambulances at the same time. In Los Angeles, two dozen emergency
rooms at the heart of the area’s emergency system were closed to ambulances almost one-third of the
time in June 2001,™

The so-called “ED problem,” however, is actually a system problem. EDs do not exist in isolation,
but are part of a system of care through which patients flow. Increasing capacity in the ED to
accommodate more patients, a solution chosen by many hospitals, is like broadening only the large
end of a funnel. Increasing input without facilitating a smooth exit (in this case, transfer to other

hospital units) worsens the problem.

In a recent report on ED crowding, the US General Accounting Office (GAO) noted the connection
between the ED and the rest of the hospital system: “While no single factor stands out as the reason
why crowding occurs, GAO found the factor most commonly associated with crowding was the
inability to transfer emergency patients to inpatient beds once a decision had been made to admit
them as hospital patients rather than to treat and release them.When patients ‘board” in the emergency
department due to the inabiliry to transfer them elsewhere, the space, staff, and other resources

available to treat new emergency patients are diminished.™
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The units to which ED patients are often transferred must be viewed as integrated parts of the
whole system. Most often EDs divert because the hospitals to which they are appended lack the
space to move patients forward. A recent study of ED overcrowding showed that the primary reason

hospitals go on diversion is the lack of available critical care beds.®

According to one expert, “...the frequency of ambulance diversion now correlates better with total
occupancy than with ED volume. Increasing average occupancy levels, particularly in specialized
units, often become a constraint leaving less room for unscheduled admissions. Admissions through
the emergency department must be diverted, denied, or placed in a line or queue. As this pattern

continues, the quality of care declines as all patients are increasingly placed into holding pateerns.™

The costs of delays in care are many, including these:
» The ED becomes an inappropriate and expensive holding area when patients are not transferred
to an inpatient unit in a timely manner. “Parking” patients in hallways to await transfer is an
issue affecting service, care, and safety.

* When the ED is overcrowded because patients cannot be transferred quickly to care units or
operating rootns, incoming patients can experience harmful delays in receiving care. Some even

leave withour being treated.

* Patients waiting to be transferred from the ICU to a patient care unit represent not only a
service but also a cost issue: the ICU is a very expensive place to wait.

When surgical schedules back up, patients and providers are affected across the continuum of care.

Techniques that are used to manage ED flow itself will not have a strong impact on either hospital
diversion rates or manage the problem of patients being “boarded” in the ED as they wait hours for

an inpatient bed.

Whaits and delays, bottlenecks and backlogs, are not the result of lack of effort or commitment

on the part of staff. These problems cannot be solved by working harder. Rather, they illustrate
what Donald M. Berwick, MD, MPE President and Chief Executive Officer of the Institute for
Healthcare Improverment, calls the first law of improvement: “...[E]very system is perfectly designed

to achieve the results it achieves.™

The answer to improving flow of patients lies in redesigning the overall, system-wide work processes

that create the flow problems.

Optimal care can only be delivered when the right patient is in the right place with the right

p y ght p; gnep g

provider and the right information at the right time. Improvement efforts in hospitals around the

US are showing that it is possible to reduce waits and delays in hospital care, improving the flow of
g p Y p P g

patients and information throughout the care system. The results of improving flow can include

increased access, shorter waiting times, lower costs, and better outcomes.
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Background

The Institute for Healthcare Improvement has been working with approximately 50 hospitals in the
US and the UK in a year-long collaborative project to improve flow through acure care settings.

An additional 100+ hospitals are also addressing the issue as part of IHI's IMPACT network, a
group of change-oriented health care organizations committed to ambitious levels of improvement

on a broad scale.

Through this work, hospitals have been testing the theory that the key to improving flow through-
out the acute care setting lies in understanding the variability throughour the hospital system. This
work focuses chiefly on the variation in waits, delays, and cancellations that occur when capacity
does not match demand. Capacity and demand may match o average, and on paper it may look as
though the system ought to flow smoothly. Indeed it will, if demand {patients) flows in predictably
and capacity (staff) is ready to manage it. However, even when capacity and demand are masched on
average, the degree of variation in the timing of the arrival of parients (demand) and the ability of the
staff (capacity) to absorb that demand results in waits, delays, and cancellations.

Developing the ability to shape, predict, and manage variability and to allocate resources appropriately
at the front line of care can improve patient outcomes, increase staff morale and retention, reduce

costs, and improve quality of life for both patients and caregivers.
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IHI’'s Challenge for Hospitals

The Institute for Healthcare Improvement has developed a process and methodology for hospitals to
use in evaluaring and improving patient flow in acute care settings. As part of its effort to foster
improvements throughout the health care system, IHI invites hospitals to engage in this process,

using the methods described in the following sections.

Step 1: Evaluate Flow: How Much of the Time Do You Get It Right?

The first step in evaluating the flow of patients through your acute care setting(s) is to find out, on
average, how much of the time your hospital “gets it right” in moving patients through the system
in a timely and efficient manner. In considering this question, your hospital needs to look at both
the frequency of “parking” parients (i.e., keeping or placing admitted patients in a “holding” location—
sometimes in the ED, sometimes simply in a hallway—when they cannot be moved immediately to
their intended bed or location) and hospital occupancy as key indicators.

Two key questions help bring these issues into focus:
1. Do you “park” more than 2 percent of your admitted parients at some time during the day at
least 50 percent of the time?
Example: In a hospiral with a midnight census of 500 patients, 10 patients (2 percent) were
“parked” during the day, waiting for admission to the final destination bed. This occurs more

than half the time during the sample period.

2. Does your hospiral have a midnight census of 90 percent or more of your bed capacity more than
50 percent of the time?
Example: A 500-bed hospital had more than 450 patients in the hospiral ar midnight (90 percent
of capacity) more than half the time during the sample period.

If you answer “yes” to one or both of these questions, your hospital is likely struggling with flow
problems on a regular basis. “Parking” patients is a clear indication that the system is inhibiting the
smooth forward movement of patients to their appropriate destination. And if your midnight census
is typically high, you probably experience capacity problems, since your hospiral is virtually full at
the start of the day, leaving lirtle capacity for new admissions. To address these issues, you will have
two tasks: working to reduce flow variation and “extending the chain”—that is, working with others
along the continuum of care, including those outside your hospiral, to smooth the flow of patients

into and out of your organization.

Even if you answer “no” to both these questions, you may still feel that patients do not consistently
move smoothly through the system. This may indicate a need to reduce flow variation (described in

the next section).

Actlon: Evaluate patient flow by reviewing occupancy and “parking” of patients.
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Step 2: Measure and Understand Flow Varlatlon

Variation is intrinsic in health care. It is the result of clinical variability (number of patients
presenting with certain clinical conditions), flow variability {the ebb and flow of patients arriving
throughout the day), and professional variability (the variation in skill levels and techniques
among providers). Eugene Litvak, PhD, Professor of Health Care and Operations Management
and Director of the Program for Management of Variability in Health Care Delivery at the Boston
University School of Management, has suggested that only the following scenario would eliminate

variability:

1. All patients have the same disease with the same severity.
2. Patients arrive at the same rate every hour,
3. All providers (physicians and nurses) are equal in their ability to provide quality care?

Some kinds of variability (so-called “random variability”) cannot be eliminared, or even reduced; they
must be managed. This is true of patient variability. We cannot eliminate the many types of problems

from which patients suffer, nor can we control when they arrive in the emergency department.

Other types of variabiliry (“non-random”), on the other hand, are often driven by individual
priorities, resulting, for example, in surgical schedules thar are heavy on Wednesdays but light on
Fridays due to surgeons preferences rather than actual demand. Non-random variability should not

be managed; it should be eliminated.

Volume, census, and occupancy rates are often calculated and displayed as means or averages.
However, it is the wariation in these metrics that causes most of the flow problems in our hospiral
systems. Consider this example: The mean elective surgical volume for two hospirtals for one week
may be 123 patient cases each. Hospital A has a steady flow of surgical cases throughout the week,
allowing for optimal scheduling and predicrable demand for staffing and patient beds. Hospital B,
which also has a mean of 125 cases, schedules 50 percent of its cases on Mondays and Wednesdays,
and 50 percent on the remaining days. Because the caseload is so high on Mondays and Wednesdays,
there is no room for the seemingly random bur historically predictable surgical complications and
added cases. The demand for staff, beds, and equipment is at a maximum, Any added volume or
decrease in capacity is felt quickly as waits, delays, and cancellations.

Another helpful exercise is to look at the variation in census besween each day of the week and the
variation in census within each day. These measures often point to different problems and solutions.

Action: Measure and evaluate variability from all sources. Display the full range of the variability of

measures like waiting times and daily surgical volume.
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Step 3: Test Changes to Improve Flow

Hospitals that want to improve flow should consider testing two main groups of changes:

1. Changes that can be made within the hospital; and
2. Changes that result in cooperative relationships with other health care providers outside of
the hospital.

1. Changes Within the Hospital

Smooth the Surgical Schedule
The surgical schedule is a major source of variation in flow. Several methods are showing early

promise in smoothing the surgical schedule and making it more predictable, including the following:

* Smooth the number of electlve scheduled cases and case hours per working day.
Scheduling the maximum number of elective surgeries into the schedule, even just on some
days, leaves little flexibility for emergency surgeries. If your unscheduled surgery time currently
averages 10 percent or more, adequate space should be left in the surgical schedule or you will

routinely experience untenable waits for some surgical patients.

» Designate separate ORs for schaduled and unscheduled surgerles.
Since the vast majority of surgery is scheduled, most of the OR space should be so assigned.
Utilization of the scheduled rooms then becomes predictable and controllable, and wait times
for unscheduled surgery become manageable. Concerns about the cost of designating a surgeon
strictly for emergencies are unwarranted, compared to the cost of canceling and delaying
scheduled surgeries when an emergency surgery disrupts a day’s elective schedule.
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Schedule the Discharge
Admission bottlenecks are often created because discharges are not managed efficiently. Creating a
more consistent and predictable discharge schedule can help improve flow. Some change methods

include the following:

« Provide a process for scheduling the date and time that patlents wlll be discharged at least one
day in advance.
Although the date and time of discharge may be uncertain for some patients one day in
advance, the usual hospital system behaves as if this were the case for all patients. In fact, early
dara indicate that nurses, doctors, and other health care providers can usually predict one day in
advance which patients will be discharged the following day with more than 80 percent accuracy.
They can predict with less accuracy which patients will be discharged the day after that and so
on. However, in most cases this knowledge is not used to optimize, plan, or synchronize the
work of discharging patients. This work will most likely require a centralized planning and
scheduling function. Planners can record data about the ability of the system to comply with
the schedule and can document reasons for noncompliance to identify bottlenecks and processes

needing improvement.

Orchestrate the discharge.

A set series of rasks must occur prior to discharging a patient. These tasks include examinarion
and sign-off by appropriate providers and patient education. For each patient, the time of
discharge and the tasks that need to be performed and in what order will be provided one day
ahead of time. This allows all responsible persons to schedule their work accordingly.

Provide a precess and a team for discharging patients with more complex Issues, using data

from discharge coordinators.

Because of the condition of their health, lack of support, or psychosocial problems, some
patients are difficult to place in appropriate settings after discharge. Although the time and
dare of discharge should be scheduled as for other patients, the orchescrarion of the discharge
of these patients should be handled separately from the normal flow of patients. A special team
that is capable of crafting customized and unusual solutions to meet the needs of these patients

should do the orchestration.

Synchronize other movements to the discharge schedule.

Once a discharge schedule is in place, internal transfers of patients, such as from an ICU to a
patient are unit, can be synchronized to that schedule. Individual units can begin scheduling
and orchestrating movements of their patients at a local level. This synchronization allows local,

unit-level control and system-wide optimization to occur simultaneously.
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2. Changes Involving Providers Outside of the Hospltal

“Extend the Chain” of Flow Improvement

Responsibility driven by geography—that is, addressing only those problems in one’s own area—
is the source of much variation in hospitals. Particularly for hospitals with patient flow problems,
working with physicians and long-term care facilities—those with the power to impact both

admissions and discharges—is an effective strategy to improve flow.

A common bottleneck in the ICU, for instance, is the inability to transfer chronic ventilator
patients off the unit because there are not enough ventilator beds in other sertings. One hospital
solved this problem by partnering with an unaffiliated nursing home. The nussing home was able
to open a ventilator unit because the hospital assigned an intensivist to serve as a part-time medical
director for the unit. This helped improve flow out of the ICU and provide predictable income for
the nursing home, and also resulted in high-quality, lower-cost care for the patients.

Other methods of “extending the chain” include promoting advanced access scheduling (sometimes
referred to as “open access”) in physicians’ offices so patients can get timely access to ambulatory
care in an appropriate setting, rather than resorting to the hospiral ED, and working with hospice

services to assure that end-of-life care is provided in the most appropriate, bur least intensive; setting.

Actlon: Select and test the changes that seem to hold potential for improving flow, both within the
hospital and with providers outside of the hospital, based on your evaluation of flow variability.

@ 2003 Institute for Healthcare Improvement

443



Institute for Healthcare Improvement Cambridge, Massachusetts 10

Conclusion

Understanding patient flow requires looking at the whole system of care, not just in isolated unirs.
Reducing variation in flow has been shown to improve overall patient flow. Providing patients with
timely access to appropriate care is an essential element of high quality care, because when care is
provided is often as important as whar care is provided.
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Form Approved: OMB No. 0910-0396

DEPARTMENT OF HEALTH AND HUMAN SERVICES Explration Date: April 30, 2009

Food and Drug Administration

CERTIFICATION: FINANCIAL INTERESTS AND
ARRANGEMENTS OF CLINICAL INVESTIGATORS

T0 BE COMPLETED BY APPLICANT

With respect to all covered clinical studies {(or specific clinical studies listed below (if appropriate)) submitted in
support of this application, | certify to one of the statements below as appropriate. | understand that this
certification is made in compliance with 21 CFR part 54 and that for the purposes of this statement, a clinical
investigator includes the spouse and each dependent child of the investigator as defined in 21 CFR 54.2(d).

| Piease mark the applicable checkbox. ]

(1) Asthe sponsor of the submitted studies, | certify that | have not entered into any financial arrangement
with the listed clinical investigators (enter names of clinical investigators below or attach list of names
to this form) whereby the value of compensation to the investigator could be affected by the outcome
of the study as defined in 21 CFR 54.2(a). | also certify that each listed clinical investigator required to
disclose to the sponsor whether the investigator had a proprietary interest in this product or a
significant equity in the sponsor as defined in 21 CFR 54.2(b) did not disclose any such interests. |
further certify that no listed investigator was the recipient of significant payments of other sorts as
defined in 21 CFR 54.2(f).

Please refer to “Attachment to Form 3454: Certification”

Clinical Investigators

B {2) As the applicant who is submitting a study or studies sponsored by a firm or party cther than the
applicant, | certify that based on information obtained from the sponsor or from participating clinical
investigators, the listed clinical investigators (attach list of names to this form) did not participate in any
financial arrangement with the sponsor of a covered study whereby the value of compensation to the
investigator for conducting the study could be affected by the outcome of the study (as defined in 21
CFR 54.2(a)); had no proprietary interest in this product or significant equity intérest in the sponsor of
the covered study {as defined in 21 CFR 54.2(b)}); and was not the recipient of significant payments of
other sorts (as defined in 21 CFR 54.2(f)).

D (3) As the applicant who is submitting a study or studies sponsored by a firm or party other than the
applicant, | certify that | have acted with due diligence to obtain from the listed clinical investigators
(attach list of names) or from the sponsor the information required under 54.4 and it was not possible
to do so. The reason why this information could not be obtained is attached.

NAME TITLE
Mr Bernd Fabian President Busniness Unit Critical Care

FIRM/ORGANIZATION
Dridger Medical AG & Co. KG, Moislinger Alles 53-55, 23542 Libeck, Germany

Y=< 20,030

Paperwork Reduction Act Statement

An agency may not conduct or sponsor, and a person is not required to respond to, a collection of
information unless it displays a currently valid OMB control number. Public reporting burden for this
collection of information is estimated to average 1 hour per response, including time for reviewing
instructions, searching existing data sources, gathering and maintaining the necessary data, and
completing and reviewing the collection of information. Send comments regarding this burden estimate
or any ather aspect of this collection of information to the address to the right:

Department of Health and Human Services
Food and Drug Administration

5600 Fishers Lane, Roorn 14C-03
Rockville, MD 20857

FORM FDA 3454 (4/06) ‘ PSC Graphics: (J01) 443100 EF
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Attachment to Form 3454: CERTIFICATION

1} Covered Study:

Time of Study:
Time of fin.disc.:

List of clinical investigators:

Lila BOUDMA,

Jean ROESELER

Pablo RODRIGUEZ,
Francois LELLOUCHE

Michel DOJAT

Salvatore MAGGIORE

2) Covered Study:

Time of Study:
Time of fin.disc.:

List of clinical investigators:

» A Multicenter Randomized Trial of Computer-driven
Protocolized Weaning from Mechanical Ventilation”
01.09.2002 - 12.06.2003

01.09.2002 — 12.06.2004

Réanimation Médicale et Infectieuse, AP-HP, Hopital Bichat, Paris,
France

Soins Intensifs—Unité Médico-chirurgicale, Cliniques
Universitaires Saint-Luc, Brussels, Belgium;

Réanimation Médicale, AP-HP, Hopital Henri Mondor, Unité
INSERM U 651, Université Paris XII, Creéteil;

INSERM/UIJF U594, Neuro-imagerie Fonctionelle et Metabolique,
LRC CEA 30V, CHU de Grenoble, Grenoble, France;

Istituto di Anestesiologia e Rianimazione—Universita® Cattolica
Policlinico A.Gemelli, Rome, Italy;

,, Daily Practice With SmartCare in a Difficult to Wean
Patient”

04.2005 — 04.2006

04.2005 — 04.2007

Jan-Christoph LEWEJOHANN

Libeck, 2. =8 . >~

N .

Bemd Fabian

Klinik fiir Chirurgie, Universititsklinikum Schleswig-Holstein,
Campus Liibeck, D-23538 Liibeck, Germany

‘e

President Business Unit Critical Care
Driger Medical AG & Co. KG
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DEPARTMENT OF HEALTH AND HUMAN SERVICES Form Approved: OMB No. 0910-0396
Food and Drug Administration Expiration Date: April 30, 2002

DISCLOSURE: FINANCIAL INTERESTS AND
ARRANGEMENTS OF CLINICAL INVESTIGATORS

TO BE COMPLETED BY APPLICANT

Please ref. to "Attachment to Form 3455: Disclosure

Nome of clinical investigator

The following information concerning , who participated

A Multicenter Randomized Trial of Computer-driven Protocolized
Name of

as a clinical investigator in the submitted study

Weaning from Mechanical Ventiation is submitted in accordance with 21 CFR part 54. The

clinical study

named individual has participated in financial arrangements or holds financial interests that are
required to be disclosed as follows:

I Please mark the applicable check boxes. J

any financial arrangement entered into between the sponsor of the covered study and the
clinical investigator involved in the conduct of the covered study, whereby the value of the
compensation to the clinical investigator for conducting the study could be influenced by the
outcome of the study;

any significant payments of other sorts made on cor after February 2, 1999 from the sponsor of
the covered study such as a grant to fund ongoing research, compensation in the form of
equipment, retainer for ongoing consultation, or honoraria;

m any proprietary interest in the product tested in the covered study held by the clinicai
investigator;

L || any significant equity interest as defined in 21 CFR 54.2(b), held by the clinical investigator in
the sponsor of the covered study.

Details of the individual's disclosable financial arrangements and interests are attached, along with a
description of steps taken to minimize the potential bias of clinical study results by any of the
disclosed arrangements or interests.

NAME TITLE
Mr Bernd Fabian President Business Unit Critical Care
FIRM/ORGANIZATION

Drdger Medical AG & Co. KG, Moislinger Allee 53-55, 23542 Liibeck, Germany

SIGNAT HZ\;K\ DATE ZD“D? ~32—’

Paperwork Reduction Act Statement

An agency may not conduct or sponsor, and a person is not required to respond to, a collection of information unless it displays a currently valid OMB
control number. Public reporting burden for this collection of information is estimated to average 4 hours per response, including time for reviewing
instructions, searching existing data sources, gathering and maintaining the necessary data, and completing and reviewing the collection of information. Send
comments regarding this burden estimate or any other aspect of this collection of information to:

Department of Health and Human Services
Food and Drug Administration

5600 Fishers Lane, Room 14-72
Rockville, MD 20857

FORM FDA 3455 (4/06) PSC Grapbles: (301) 4431000  EF
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Attachment to Form 3455: DISCLOSURE

Covered Study: »A Multicenter Randomized Trial of Computer-driven Protocolized
Weaning from Mechanical Ventilation”

Time of Study: 01.09.2002 — 12.06.2003
Time of fin.disc.: 01.09.2002 — 12.06.2004

List of clinical investigators:

Stefan MERSMANN,
Financial Agreement:
Laurent BROCHARD

Financial Agreement:

Frédenque SCHORTGEN
Financial Agreement:
Jordi MANCEBO
Financial Agreement:
Marc REYNEART
Financial Agreement:
Philippe JOLLIET
Financial Agreement:

Belen CABELLO
Financial Agreement:

..................................

Bernd Fabian

Driger Medical AG and Co. KG, Research and Development
Critical Care, Liibeck, Germany
Employee of Driager Medical

Réanimation Médicale, AP-HP, Hopital Henri Mondor, Unité
INSERM U 651, Université Paris XII, Créteil;

325€ per included patient (34 patients) = 11050€

15.000€ p.y. for 2001-2004 for ongoing research paid to the
Organisation: Naturalia et Biologia, 46 Boulevard des Invalides,
75007 Paris, France

Réanimation Médicale et Infectieuse, AP-HP, Hopital Bichat, Paris,
France
320€ per included patient (16 patients) = 5120€

Servei Medicina Intensiva, Hospital Sant Pau, Barcelona, Spain
1.500€ for lecture, 18.000€ to fund ongoing research
450€ per included patient (39patients) = 12.350€

Soins Intensifs—Unité Médico-chirurgicale, Cliniques
Universitaires Saint-Luc, Brussels, Belgium;
320€ per included patient (40patients) = 12.800€

Soins Intensifs de Me decine, Ho pital Cantonal Universitaire,
(Geneva, Switzerland;

1700€ travel to congresses

320€ per included patient (18 patients) = 5760€

Servei Medicina Intensiva, Hospital Sant Pau, Barcelona, Spain
300¢€ for English/Spanish Translation work

President Business Unit Critical Care
Driiger Medical AG & Co. KG
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Food and Drug Administration
Office of Device Evaluation & -
. Office of In Vitro Diagnestics

COVER SHEET MEMORANDUM

]Lg_'mj
Please. llst CTS decision code 55

B Refusad to accept (Note: this is conSIdered the first review cycle; Sée Screemng Checkiist

From: R-evieWer Name c.l/.\a"l‘(ﬁ

Subject: 510(k) Number _1€ ( }25

To': S Th‘e Record

hitp:/feroom.fda.gov/eRoomRe IFites/CD HSICDR_HPremarketNotlf atlon510kPro_ra i/ Screenlng Checkllst)

E/—iotd (Additional Information or Telephone Hold).
Final Decision (SE, SE with Limitations, NSE; Wlthdrawn etc)

Please compiete the followmg for a f naI clearance decusron (i e, SE SE with Lim|tat|ons etc)

'IndlcauonsforUsePage SO o " Attach:FU_

_510(k) Summary /510(k) Statemeni - AttachSummary

Truthful and Ace'urate'Statement. ;

s the device Class I1?

If yes, does firm include Class il Summary? '

,.\'/’/‘
7

| Must be present for & Final Decision-

Must be present for a Final Decision -

‘Does firm: reference standards?
(Ifyes, plﬁfse attach form from
: |

BEVlATED 'STANDARDS DATA FORM, goc:)

|5 this & combination product?
(Please spemfy category ,
- ) Jda.gove

: Is thEs a repnocessed smgle use. dewce?

(Gurdance for Industry and-FDA Staff - MDUFMA Valldatlon Data in 510(k)s for'
Regrocessed Single-Use Medlcal Devices,

- s this device intended for pedtatnc use only?

hitp:/fwww. fda. ovlcd_lodef ‘U|dancel121é htm‘ _

NI

1ls this a prescnptlon device? (If both prescnptton & OTC check:both boxes )
11s clinical’ data necessary to support the review of thls 510(k)? '

. Does this dev:ce |nc|ude an Animal Tissue Source?

v

- ‘~._Fin.al Re\riew:

. Rev. 5/30/07

1s this device subject to Section’ 522 Postmarket Surveillance? . ConfapLOSB .
(Postmarket Survelllance Guudance o . , 1. A
Is thIs devtce subject to the Tracking Regulation? (Medlcal Dewoe Tracking . C_ontéctoc.. :
Gmdance ttp:/ fda. ‘ dance/168. ' L
Regulatlon Number S ~CIass'*._> R ;_ ' Product Code -

at R gg(-.ssf?s R R CBK

 (f unclassified, see 5'1e(k) etéff)-. 5

Addltional Product QodeS‘

(Branch Chief) - B e (Brahch Code) (DateY /

il

~="(Divislon Directon) . . | - (Dﬁte)u

:‘Revlew - M/VI/‘ 711/'/// /4/&0ﬁ 'Z/ﬁ//o

I t! ” '
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3. DEPARTNMENT OF HEALTH AND HUMAN SERVICES MEMORANDUM

Food and Drug Administration
Office of Device Evaluation
9200 Corporate Boulevard
Rockville, MD 20850

Premarket Notification [510(k)] Review

Traditional/Abbreviated
K072412/5002
Date: February 4, 2008 ‘
To: The Record : : Office: HFZ-480
From: Charies M. Kerns, Regulatory Reviewer Division: DAGID/ARDB

510(k) Holder: Drager Medical AG & Co. KG
Device Name: EvitaXL with SmartCare Option
Contact. Kathy Anderson

Phone: 215-660-2078

Fax: 215-721-5424

Email: Kathy.andersoi@draegermed.com

A. Purpose and Submission Summary

The 510(k) holder would like to add promotional claims to the EvitaXL with SmartCare Option.
Literature and proposed device labeling was provided in support of the additional claims.

B. Administrative Requirements

Yes No N/A
Indications for Use page (Indicate if: Prescription or OTC) ' X
Truthful and Accuracy Statement X
510(k} Summary or 510(k) Statement ' X
Standards Form ‘ X

C. Device Description

Yes No N/A

Is the device life-supporting or life sustaining? X

Is the device an implant (implanted longer than 30 days)? A X
Does the device design use software? X

Is the device sterile? X
Is the device reusable (not reprocessed single use)? X

Are “cleaning” instructions included for the end user?

The EvitaXL with SmartCare Option is a continuous ventilation system. The system is already

‘_“__c‘u‘z,n 5



F.

cleared under K051263.

Indications for Use
The indications for use {IFU) is provided in the submission in Section 4, The IFU states:

“The EvitaXL is a long-term ventilator for intensive care for adults, children, and infants with a body
weight of at.least 3 kg (6.6 Ibs).

With SmartCare™/PS the EvitaXL is intended to stabilize the patient's spontaneous breathing in a
“comfortable zone" and to reduce inspiratory support for adults and children with a body weight of at
least 15 kg (33 Ibs.). The patients should be haemodynamically stable with adequate oxygenation
and spontaneous breathing. SmartCare can be used for intubated or tracheotomized patients.
Patients with body weight between 15 and 35 kg (33.1 and 77.8 ibs) must be endotracheally
intubated and ventilated with active humidification.

SmartCare™/PS is contraindicated in case of sever COPD and sever neurologic disorder that affects
the cerebral control mechanism of the spontaneous breathing pattern.”

Predicate Device Comparison

The predicate device cited for comparison is:

K051263 - EvitaXL with SmartCare Option, Drager Medical AG & Co. KG

Labeling

[ T



G. Sterilization/Shelf Life/Reuse

The device is not sterile. Since no changes are being made to the already cleared device, this
section was not applicable in this submission.

H. Biocompatibility

Since no changes are being made to the already cleared device, this section was not applicable in
this submission.

l. Software

Since no changes are being made to the already cleared device, this section was not applicable in
this submission. None of the information in the following table was provided or necessary for review.

Version:

Level of Concern:

| Software description:

Device Hazard Analysis:

| 'ébfﬁ)“éEgRequirements Speciﬁcationsf -
Architecture Design Chart:
Design Specifications:

Traceability Analysis/Matrix:

_Development:

Verification & Validation Testing:

Revision level history: I

Unresolved anomalies: None detected i

J. Electromagnetic Compatibility and Electrical, Mechanical and Thermal Safety

Since no changes are being made to the already cleared device, this section was not applicable in
this submission.

K. Performance Testing — Bench

RV



‘L. Performance Testing — Animal
No animal testing was conducted or is required for this submission.
M. Performance Testing — Clinical
No animal testing was conducted or is required for this submission.
N. Substantial Equivalence Discussion
Yes No
1. Same Indication Statement? X If YES = Go To 3
2. Do Differer{ges Alter The Effect Or Raise New If YES = Stop NSE
Issues of Safety Or Effectiveness? ’
3. Same Technological Characterlstlcs’? X IfYES=CGoTo5
"4, Could The New Characteristics Affect Safety Or | fYES=GoTo6
Effectiveness?
5. Descriptive Characteristics Precise Enough? X [ IfNO=GoTo8
if YES = Stop SE
6. New Types Of Safety Or—E?fe;Eéness Questlons’? o if YES = Stop NSE
7 wAccepted Scnentlf c Methé;js EX|st? - if Nd ..... Stop NSE nnnnn ~
8. Performance Data Available? X If NO = Request Data
9 | Data Demonstrate Equivalence? X

| Final Decision: SE

Note: See Premarket Notification 510(k) Flowchart Decision Tree for Flowchart to assist in decision-
making process. Please complete the following table and answer the corresponding questions. "Yes"

responses to questions 2, 4, 6, and 9, and every "n

1.

2.

0" response requires an explanation.

Explain how the new indication differs from the predicate device's indication:

Explain-why there is or is not a new effect or safety or effectiveness issue:

pescribe the new technological characteristics:

Explain how new characteristics could or could not affect safety or effectiveness:

Explain how descriptive characteristics are not precise enough:

I R




The review of the literature is necessary to evaluate the basis for the additional promotional claims.

Explain new types of safety or effectiveness question(s) raised or why the question(s) are not new:

Explain why existing scientific methaods can not be used:
Explain what performance data'is needed: .

Explain how the performance data demonstrates that the device is or is not substantially equivalent:







P. Contact History

Q. Recommendation

| recommend this file be considered substantially equivalent to the cited predicate device.

Regulation Number: 21 CFR 868.5895
Regulation Name: Continuous ventilator
Regulatory Class: Class Il

Product Code: CBK

(v g ' | a/4[or

' - M. Yrry
Charles MW W - | pat?
A 4 - 2 )5/

Michael Husband, Branch Chief Date /




Kerns, Charles

om: Shure, Deborah*
..ent: Sunday, February 03, 2008 2:30 PM
To: , Kerns, Charles .
Cce: ’ Husband, Michael J
Subject: Drager K072412-S002
Chuck,
Deborah
Deborah Shure, MD

1851 SW 13th Street

Miami, FL 33145

Email: deborah.shure@fda.hhs.gov
Voice: 305-541-0071

Fax: 305-541-0027

Cell: 305-815-2613
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:; ' ] Food and Drug Administration
3 ( ’ Office of Device Evaluation &

N . Office of In Vitro Diagnostics
o COVER SHEET MEMORANDUM :

From: Reviewer Name \ (‘Jn(lwf\f-_‘: M. KﬁWﬁ
Subject:  510(k) Number %72‘4[.7_/5‘

To: . The Record

Please list CTS decision code AL
U Refused-o accept (Note: this is considered the first review cycle, Sée Screening Checklist
; htip:/fergom.fda.gov/eRoomReq/Files/CDRH3/CDRHPremarketNotifi ication510kProgram/ Sereening Checklist)
Miold (Additional Information or Telephona Hold). - '
0 Final Decnsmn {SE, SE W|th Limitations, NSE, Withdrawn, etc.).

Please complete the following for a final Clearance decnsuon (i.e. SE SE with- Limitations, etc) 0
Indications. for Use Page Attach IFU .
510(k) Summary 1510(k) Statement -Altach Summary

Truthful and Accurate Siéfemén_t, Must be present fora Final Decrsron

Is the device Class-11}?

If yes, does firm incude Class Il Summary? ' | Must be present for a Final Decision

Does firm reference standards?
(If.yes, please attach form from

http://eroom.fda. gov!eRoomReglFlleleDRH3!CDRHPrernarketNot:ﬂcahon510kProgramIO 4136/AB '
REVIATED STANDARDS DATA FORM.DOC) ) _

Is this a combination product?
{Please specify category see

http://ercom.fda.gov/eRoomReg/Files/CDRH3/CDRHPremarketNofification51 OkProgram/0_413b/CO
MBINATFON%ZOPRODUCT%ZOALGORITHM%ZO(REVISED%203 12-03).00C _ =

is this a reprocessed single use device? . ; ' '
. (Guidance for Industry and FDA Staff — MDUFMA - Va||dat|on Data in 510(k)s for

Reprocessed Single-Use Medical Devices, http://www.fda. gov/cdrhfode/quidance/12.16.himl)
"1 Is this dewce intended for pédiatric use only? : - : '

1 Is this prescnpuon device? (If both prescription & OTC, check both boxes.)

ils cllnlcal data necessary to support the rewew of this 510(k)?

‘Does this device mciude an Animal Tlssue Source‘?

wls th]s dev:ce subject to Section 522 Postmarket Surveillance? , | Contact 0SB,
(Postmarket Surveillance Guidance, ‘ :

hitp:/iwww.fda. gowcdrhlosb!gu1dance!31é html)

Is this device subject to the Tracking Regulation? (Medical Dewce Tracking Contact OC.,

N Gmdance http:/Awww.fda. qovlcdrhlcomplqundancem69 html) . :
Regulat:on Number : Class* B " Product Code

¢

(*If unclassified, see 510(k) Staff)-

" Additional Product Codes:

oy A asb g

(Branch Chief) B (Branch Code) (Date)’

Final Review:

(Division Director) ' (Date)
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wc DEPARTMENT OF HEALTH AND HUMAN SERVICES MEMORANDUM

D

Food and Drug Administration
Office of Device Evaluation
9200 Corporate Boulevard
Rockville, MD 20850

Premarket Notification [510{k)] Review
Traditional/Abbreviated

K072412/S001

ate: December 31, 2007

To: The Record Office; HFZ-480

From: Charles M. Kerns, Regulatory Reviewer

510(k}) Holder. Dréger Medical AG & Co. KG

D
C
P

evice Name: EvitaXL with SmartCare Option
ontact: Kathy Anderson
hone: 215-660-2078

Fax: 215-721-5424

E

mail: Kathy.anderson@draegermed.com

Division: DAGID/ARDB

A.

B.

Purpose and Submission Summary

The 510(k) holder would like to add promotional claims to the EvitaXL with SmartCare Option.
Literature and proposed device labeling was provided in support of the additional claims.

Administrative Requirements

-

Indications for Use page (Indqcate |f Presénbtfon or OTC) X

Truthful and Accuracy Statement X

510(k) Summary or 510(k) Statement X

Standards Form

C.

Device Description

Is the device hfe-supportlng or Ilfe sustalnmg’?

Is the device an implant (|mplanted Ionger than 30 days)

Does the device design use software?

Is the device sterile?

Is the device reusable {not reprocessed single use)?
Are “cleaning" instructions included for the end user? : |

The EvitaXL with SmartCare Option is a continuous ventilation system. The system is already
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cleared under K051263.

D. Indications for Use
The indications for use (IFU) is provided in the submission in Section 4. The IFU states:

“The EvitaXL is a long-term ventilator for intensive care for adults, children, and infants with a body
weight of at least 3 kg (6.6 Ibs).

With SmartCare™/PS the EvitaXL is intended to stabilize the patient’s spontaneous breathing in a
“comfortable zone” and to reduce inspiratory support for adults and children with a body weight of at
least 15 kg (33 Ibs.). The patients should be haemodynamically stable with adequate oxygenation
and spontaneous breathing. SmartCare can be used for intubated or tracheotomized patients.
Patients with body weight between 15 and 35 kg (33.1 and 77.8 Ibs} must be endotracheally
intubated and ventilated with active humidification.

SmartCare™/PS is contraindicated in case of sever COPD and sever neurologic disorder that affects
the cerebral control mechanism of the spontaneous breathing pattern.”

E. Predicate Device Comparison

The predicate device cited for comparison s:

K051263 — EvitaXL with SmartCare Option, Drager Medical AG & Co. KG

F. Labeling

G. Sterilization/Shelf Life/Reuse




The device is not sterile. Since no changes are being made to the already cleared device, this
section was not applicable in this submission.

H. Biocompatibility

Since no changes are being made to the already cleared device, this section was not applicable in
this submission.

I. Software

Since no changes are being made to the already cleared device, this section was not applicable in
this submission. None of the information in the following table was provided or necessary for review.

Verswn |

LeVE' Of COI"ICEIT] o o S

Software description:

Device Hazard Analysis;

‘Software Requirements Specifications:

Architecture DeS|gn Chart:

" Design Specifications:

Traceablhty Ana|y5|s/Matnx

Development

Verification & Validation Testing: !

Revision level history:

Unresolved anomalies: None detected

J: Electromagnetic Compatibility and Electrical, Mechanical and Thermal Safety

Since no changes are being made to the already cleared device, this section was not applicable in
this submission.

K. Performance Testing - Bench




L. Performance Testing — Animal

No animal testing was conducted or is required for this submission.

M. Performance Testing — Clinical

No animal testing was conducted or is required for this submission.

N. Substantial Equivalence Discussion

Yes No
1. Same Indication Statement? X | If YES = Go To3
2. Do Differences Alter The Effect Or Raise New | | fYES=StopNSE |
Issues of Safety Or Effectiveness?
3. Same Technologlcal Characteristics? If YES=GoTo5
4. Could The New Characteristics Affect SafetyOr | | | fYES=GoTo6
Effectiveness?
5. Descriptive Characteristics Precise Enough? X | IfNO=GecTo8 o
| If YES = Stop SE
6. New Types Of Safety Or Effectiveness Questions? If YES = Stop NSE
7. Accepted Scientific Methods Exist? If NO = Stop NSE
8 Performance Data Available? X ” lf NO R quest Dala
9 Data Demonstrate Equwale;;c;’? | ' meaI Decision: T

{

Note: See Premarket Notification 510(k) Flowchart Decision Tree for Flowchart to assist in decision-
making process. Please complete the following table and answer the corresponding questions. "Yes"
responses to questions 2, 4, 6, and 9, and every "no" response requires an explanation.

1.

{

Describe the new technological characteristics:

- Explain how descriptive characteristics are not precise enough:

Explain how the new indication differs! from the predicate device's indication:

Explain why there is or is not a new effect or safety or effectiveness issue:

Explain how new-characteristics could or could not affect safety or effectiveness:

The review of the data is necessary to evaluate the basis for the additional promotional claims.

84



Explain new types of safety or effectiveness que§tion(s) raised or why the question(s) are not new:

Explain why existing scientific methods can not be used:

Explain what performance data is needed:

Explain how the performance data demonstrates that the device is or is not substantially equivalent:







P. Contact History

Q. Recommendation

raae

| recommend this file be placed on hold until the requested additional information is submitted for
review. )

Regulation Number: 21 CFR 868.5895
Regulation Name: Continuous ventilator

Regulatory Class: Class Il
Product Code: CBK

s M Yng 13-31/07

Charles M. Kerns, Reviewer M Date
/LIA/\ /) _ NASLY, } o7

Michael Husband, Branch Chief Date
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K072412.51

OFFICE OF DEVICE EVALUATION
510K Clinical Review of Request for Additonal Information Response

From: Deborah Shure, MD
' . ODE/DAGID/ARDB
To: Charles Kems
ODE/DAGID/ARDB
CC: Michael Husband

Subject: K072412 Supplement 1
Device: Option SmartCare/PS for the EvitaXL ventilator
Sponsor: Driger Medical AG & Co

Date: Submission received December 10, 2007 in response to FDA request for
additional information dated October 15, 2007

SUMMARY AND RECOMMENDATION

Shure clinical review SmartCare/PS Option for EvitaXL ventilator 12-29-07 Page 1 of 3 .
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K072412-S1

Shure clinical review SmartCare/PS Option for EvitaXL ventilator 12-29-07 . Page 2 of 3




K072412-S1

Shure clinical review SmartCare/PS Option for EvitaXL ventilator 12-29-07

Page 3 of 3
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g ’ ‘ ' ' Food and Drug Administration
"3 ( : Office of Device Evaluation &
C il oo , .

“. _ : ~ Office of In Vilro Diagnostics -
“md®  COVER SHEET MEMORANDUM -

From: ﬁeviewer.Name Ct\ﬁf( M. ,K“W"
Subject: 510(k) Number _ 56'7 OMQ~

" To: The Record

Please list CTS decision code A_-I—' : : ‘

0. Refused to accept (Note: this is constdered the first review cycle, See Screenlng Checklist .

i http:fieroom fda. qovleRoomRequ|IestDRHBICDRHPremarketNohf cahon510kProqramI Screening Checklast)
!Q/Hold {Additional Information or Telephone Hold).

0 Fmal Decrsnon (SE SE with Limitations, NSE, Wlthdrawn etc.).

Please complete the foIIowmg foraf naI clearance decrsmn (|e SE SE W|th leitations etc) ! 0

Indxcatlons for Use Page. = L | Attach IFU ‘ '
/51000 Summary /510(k) Statement | Attach Summary |

Truthful and Accurate Statement. L © | Mustbe present fora Final pec,-sfqn IR

s the dewce Class H1?

{ If yes, does firm include Class I Summary? L | Must be present for a Final Decision

Does firm reference standards? -
' (|fyes please attach. form from

‘http:/feroom.fda. qovleRoomRquFﬂeleDRH3!CDRHPremarketNot|f catlon510kPr0qramIO 4136/ABB i
REVIATED STANDARDS DATA FORM. DOC} '

| Is this a combination product'?
(Please specify category-

see ' )
hitp:/fercom fda. ow‘eRoomRe I |IesICDRH3ICDRHPremarketNotlfcatlon510kPro ram/0 413bICO .

MB|NATION%20PRODUCT%20ALGORITHM%ZO(REVISED%203-12-03) DOC

s this a reprocessed single use device? -
~ (Guidance for Industry and FDA Staff - MDUFMA - Vahdatlon Data in- 510(k)s for

Reprccessed Single:Use Medical Devices, http: hwww.fda, govlcdrhlodelgundanceﬁ21 html)

1 Is this. dewce mtended for pedlatnc use only?

| Is this a prescnptlon dewce? (I both prescnptaon & OTC check both boxes. )
1ls clinical data necessary to support the rewew of this 510(k)? .

"Does this device include an Ammal Tlssue Scurce?

Is this device subject to-Section 522 Postmarket Survelllance‘? o © - | ContacfOSB..
- (Postmarket Surveillance Guidance, . | :

hitp:/fwww.fda. govlcdrhlosbfguidancelm6 htmi)

Is this device subject to.the Tracking Regulation? (Medlcal Dewce Trackmg ' Contact OC. .
Gmdance http:/iwww.fda. qovlcdrhlcomplqurdanceﬁ69 html) o .
, Regulatlon Number o Class* h Co " Product Code

e unclassmed. see 510(K) Sta'ﬁ)- '

O/ /77/07 :
Reyi’é_\n:-. . /MQ i /‘Aﬂ—)‘ﬂ W |

i — Branch Crhef“) o ' (Branch Code) Date

: Addition‘al'l_’.rodu:;_t Godes:__

Final Review:

" (Division Director) T (oawe)
Rev. 5/30/07 ' '



PRE-REVIEW FORM: COMPANYIDEVICE HISTORY -

Please complete the pre- rewew form pnor to beglnnmg the review of this 510(k).. This form
is'designed to be a tool to identify key items that may be important to consider regarding
the. regulatlon of the. subject device and if you should even begln the review of the 510(k).

If you answer YES to questions 1, 2.0r 3; do NOT begin the | rewew of this 510(k): 0

1.

“Are you aware of the submitter being the subject of an mtegrlty investigation?
(Please see H'\iNTEGRlTY' LISTNCDRH REVIEWER SCREENING LIST.DOC)

. dlscretlon (No regulatlon -See 510(k) Staff)?

Is the device exempt from 510(k) by reguiation -(Please see
http:f/eroom.fda.qovieRoomReq/Files/CDRH3/CDRHPremarketNotification51 OkProqra
mi0 4134/510(K)%ZOEXEMPT%20%20FORM DOC or subJect to enforcement

. Does this device type requue a PMA by regulation? _

(Please see management.)

' Quest:ons 4-8 are intended to help you start your review: - - . . , m
4. ' -

Is this 510(k) a- candldate for “Refuse to Accept"'? '

(If so, please use the Tradmona!lAbbrewated or Spemal 510(k) Refuse to Accept ‘
Screenmg Checklist,

“ http:eroom. fda. qovfeRoomRequlleleDRHtSICDRHPremarketNotlf catlon51 OkProqra :

mi/0 4d69/Screenlnq%200heckltst doc) -

a. Did the firm request expedited review? (Se'e m'a'nageme'nt) o

b. Was expedited review granted? (See Guidance for industry and FDA ‘Staff:
Expedited Review of Devices for Premarket Submissions,

http:/fwww fda. govlcdrhlmdufmalgwdancem 08 html)

: type of device?

To the best of your knowiedge, was'there a Please list document number
pre-IDE, 513(g) or other pre-submission for this | and/or date, here;

~ {i.e., previously found NSE orwsthdrawn)'?

To the best of your knowiedge has a 51 O(k) ' Pleééé IiSt‘-document'-hum,ber; here:
previously-been submitted for this specific device |- - ' C

Does.this device have indications or technology thatf are cross-cuttlng and impact the

_Guidance for Industry and FDA Staff on. Bundhng Mu!t:pie Devices or Muitrple
" Indications in a Single Submission

review policy of’ another branch(es)? (Please contact other branch(es)and see

http:/fwww.fda.gov/cdrh/mdufmalguidance/1215.html)

Rev. 5/30/07



-wc DEPARTMENT OF HEALTH AND HUMAN SERVICES MEMORANDUM
Food and Drug Administration
Office of Device Evaluation
9200 Carporate Boulevard
Rockville, MD 20850

HEALTY
ot 4 ,
EA
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Premarket Notification {510(k}] Review
Traditional/Abbreviated
K072412
Date: October 11, 2007
To: The Record Office: HFZ-480
From: Charles M. Kerns, Regulatory Reviewer Division: DAGID/ARDB

510(k) Holder. Drager Medical AG & Co. KG
Device Name: EvitaXL with SmartCare Option

Contact: Kathy Anderson
Phone: 215-660-2078

Fax: 215-721-56424

Email: Kathy.anderson@draegermed.com

A. Purpose and Submission Summary

The 510(k) holder would like to add promotional claims to the EvitaXL with SmartCare Option.

Literature and proposed device labeling was provided in support of the additional claims.

B. Administrative Requirements

Indications for Use page (Indicate if: Prescription or. QTC)
X

Truthful and Accuracy Statement
510(k) Summary or 510(k) Statement

No N/A

Standards Form
Yes

C. Device Description
X

Is the device life-supporting or life sustaining?
Is the device an implant (implanted longer than 30 days)?

Does the device design use software?

Is the device sterile?
Is the device reusable (not reprocessed single use)?

Are "cleaning” instructions included for the end user?
The EvitaXL with SmartCare Option is a continuous ventilation system. The system is already
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cleared under KO51263.

. Indications for Use

The indications for use (IFU) is provided in the submission in Section 4. The IFU states:

“The EvitaXL is a long-term ventilator for intensive care for adults, children, and infants with a body
weight of at least 3 kg (6.6 Ibs).

With SmartCare ™/PS the EvitaXL is intended to stabilize the patient’'s spontaneous breathing in a
“comfortable zone" and to reduce inspiratory support for adults and children with a body weight of at
least 15 kg (33 Ibs.). The patients should be haemodynamically stable with adequate oxygenation
and spontaneous breathing. SmartCare can be used for intubated or tracheotomized patients.
Patients with body weight between 15 and 35 kg (33.1 and 77.8 Ibs) must be endotracheally
intubated and ventilated with active humidification.

SmartCare™/PS is contraindicated in case of sever COPD and sever neurologic disorder that affects
the cerebral control mechanism of the spontaneous breathing pattern.”

. Predicate Device Comparison

The predicate device cited for comparison is:

K051263 — EvitaXL with SmartCare Option, Drager Medical AG & Co. KG

F. Labeling

G. Sterilization/Shelf Life/Reuse
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The device is not sterile. Since no changes are being made to the already cleared device, this

section was not applicable in this submission.

H. Biocompatibility

Since no changes are being made to the already cleared device, this section was not applicable in

this submission.

. Software

Since no changes are being made to the already cleared device, this section was not applicable in
this submission. None of the information in the following table was provided or necessary for review.

Version:

Level of Concern:

Device Hazard Analysis:

Software Requirements Specifications:

Architecture Design Chart:

Design Specifications:

Traceability Analysis/Matrix:

Development

Verification & Validation Testing:

ﬁéﬁsion level history:

Unresolved anomalies: None detected

J. Electromagnetic Compatibility and Electrical, Mechanical and Thermal Safety

Since no changes are being made to the already cleared device, this section was not applicable in

this submission. -

K. Performance Testing — Bench




L.

Performance Testing — Animal

No animal testing was conducted or is required for this submission.

M. Performance Testing — Clinical
No animal testing was conducted or is required for this submission.
N. Substantial Equivalence Discussion
Yes No
1 Same Indication Statement? X If YES = Go To3
2. Do Differences Alter The Effect Or Raise New If YES Stop NSE
Issues of Safety Or Effectiveness? i
3. Same Technological Charactenstucs” X If YES Go To 5
4. Could The New Charactenstlcs Affect Safety Or If YES Go To 6
i Effectlveness’?
5. Descnptwe Charactenst:cs Precuse Enough’) X [ IfNO=GoTo8
If YES = Stop SE
6. New Types Of Safety Or Effectiveness Questions? If YES = Stop NSE
7. Accepted Scnentlﬂc Methods Exrst’> tfNO = Stop NSE
8. Performance Data Avallable'? X 1f NO Request Data
9. Data Demonstrate Equwalence’? Final Decision:

Note: See Premarket Notification 510(k) Flowchart Decision Tree for Flowchart to assist in decision-

making process. Please complete the following table and answer the corresponding questions. "Yes"

responses to questions 2, 4, 6, and 9, and every "no" respense requires an explanation.

1.

\

Explain how the new indication differs from the predicaté device's indication:

Explain why there is or is not a new effect or safety or effectiveness issue:

Describe the new technological characteristics:

Explain how new characteristics could or could not affect safety or effectiveness:

Explain how descriptive characteristics are not precise enough:



Explain new types of safety or effectiveness question(s) raised or why the question(s) are not new:

Explain why existing scientific methods can not be used:

Explain what performance data is needed:

Explain how the performance data demonstrates that the device is or is not substantially equivalent:




P. Contact History

Q. Recommendation

| recommend this file be place‘d on held until the requested additional information is submitted for
review.

" Regulation Number: 21 CFR 868.5895
Regulation Name: Continuous ventilator
Regulatory Class: Class I
Product Code: CBK

M 7h., %W (2ffo7

Charles M. Kerns, Reviewer Date
/LA ) d2el 6 MTH— b /t2/07
Michael Husbgrd, Branch Chief Date .
6



K072412

OFFICE OF DEVICE EVALUATION
CLINICAL REVIEW

From:

To:

CC:

Subject:

Date:

Deborah Shure, MD
ODE/DGRND/GSDB

Charles Kerns, RN, BSN, MS, CDR USPHS
ODE/DAGID/ARDB

Michael Husband
Ginette Michaud, MD, Deputy Division Director

K072412 :
Device: Option SmartCare/PS for the EvitaXL ventilator
Sponsor: Driger Medical AG & Co. KG

Submission dated August 23, 2007, received FDA CDRH August 27, 2007

Shure clinical review K072412 October 9, 2007

Page | of 7 .
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**Please send this to the 510k Staff in Word. You do not need anvone to sign this in person.

Form for Converting a Special 510(k) to a Traditional or
Abbreviated 510(k)

Date: September 11, 2007

Reviewer: Melanie Choe

510(k) Number: ___K072412

Device Name: Option SmartCare for EvitaXL, SmartCare kit Capno package, CO2 sensor CapnoSmart

Reason for Conversion: (if this is a change in indications for use, please list the old indication and the new
indication)

Division Director Concurrence/Name: (Please get this before calling or e-mailing POS)

_ ChiuLin

Date of POS Concurrence (please document POS contact):

September 11, 2007___Marjorie Shulman

Date of Phone Conversation: September 6, 2007 with Kathy Anderson

*¥%Please add this to the file
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DEPARTMENT OF HEALTH AND HUMAN SERVICES Public Health Service

Food and Drug Administration
Center for Devices and
Radiological Health

Qffice of Device Evaluation
Document Mail Center (HFZ-401)
9200 Corporate Blvd.

December 10, 2007 Rockville, Maryland 20850
DRAGER MEDICAL AG & CO. KGAA 510 (k) Number: K072412

C/O DRAGER MEDICAL , INC. Product: OPTION SMARTCARE
3135 QUARRY ROAD FCR

TELFORD, PA 18969 . EVITAXL, SMARTCAR
ATTN: KATHY ANDERSON E KIT CAPNO

The additional information you have submitted has been received.

We will notify you when the processing of this submission has been
completed or 1f any additional information is required. Please
remember that all correspondence concerning your submission MUST

be sent to the Document Mail Center (HFZ-401} at the above

letterhead address. Correspondence sent to any address other than

the one above will not be considered as part of your official
premarket notification submission. Also, please note the new

Blue Book Memorandum regarding Fax and E-mail Policy entitled,

"Fax and E-Mail Communication with Industry about Premarket Files
Under Review. Please refer to this guidance for information on current
fax and e-mail practices at www.fda.gov/cdrh/ode/a02-01.html.

On August 12, 2005 CDRH issued the Guidance for Industry and FDA Staff:
Format for Traditional and Abbreviated 510(k)s. This guidance can be
found at http://www.fda.gov/cdrh/ode/guidance/1567.htm . Please refer
to this guidance for assistance on how to format an original submission
for a Traditional or Abbreviated 510(k).

The Safe Medical Devices Act of 1990, signed on November 28, states
that you may not place this device into commercial distribution

until you receive a letter from FDA allowing you to do so. As in

the past, we intend to complete our review as quickly as possible.
Generally we do so in 90 days. However, the complexity of a submission
or a requirement for additional information may occasionally cause

the review to extend beyond 90 days. Thus, if you have not received

a written decision or been contacted within 90 days of our receipt

date you may want to check with FDA to determine the status of your
submission.
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If you have procedural questions, please contact the Division of Small
Manufacturers ‘International and Consumer Assistance {DSMICA) at

(240)276-3150 or at their toll-free number (800) 638-2041, or contact
the 510k staff at (240)276-4040.

Sincerely yours,

Marjorie Shulman
Supervisory Consumer -Safety Officer
Premarket Notification Section
Office of Device Evaluation
Center for Devices and

Radioclogical Health
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Drager Medical AG & Co. KG, Maislinger Allee 53-55, 23542 Libeck, Germany

Food and Drug Administration

Center for Devices and Radiological Health
510(k) Document Mail Center (HFZ-401)
Attn. Ms. / Mr. Chiu Lin

9200 Corporate Boulevard

Rockyville, Maryland 20850

USA

Urd

ag) ﬁ%%?cm

ADrager and Siemens Company

FOAZ LR s
A/ ﬂﬁr!x’béﬁfﬁ?f‘f{?

il OFe 10 A 0: g5 Date

2007-12-06
Qur ref.

RECEfyep  mow

Phone
+49 (0) 451 882 2041

Fax
+49 (0) 451 882 4351

E mail
gustav.paulsen@draeger.com

Special 510(k) Premarket Notification Option SmartCare / PS for the EvitaXL (K072412)

Additional Information

Dear Ms. / Mr. Chiu Lin,

In response to your request for additional information dated October 15, 2007 for Option SmartCare /
PS for the EvitaXL ventilator, please find attached the information requested.

Please find enclosed two (2) paper copies of additional information.

If there is a need to discuss any aspect of this Premarket Notification, please contact either the
undersigned at +49 {451) 882-5367, or the assigned United States agent Ms. Kathy Anderson,
Drager Medical System, Inc., at (215) 660-2078.

With best regards,

NEIS I

Gustav Paulsen
Manager Regulatory Affairs

Enclosure: Two paper copies submitted,
Attachment: CDRH Submission Cover Sheet

¢,
Driger Medical AG & Co. KG Commerzbank AG, Libeck
Moislinger Allee 53-55 Konto-Nr. 0146795 00
D-23558 Libeck BLZ 230 400 22
Postanschrift: 23542 Libeck IBAN: DES5 2304 0022 0014 6795 00
Telefon +49 451 882-0 Swift-Code: COBA DE FF 230
Telefax +49 451 882-2080 Dresdner Bank AG, Liibeck
E-mall: info@draeger.com Konto-Nr. 371 077 400
www.draeger.com BLZ 230 800 40
UID-Nr,; DES12119413 IBAN: DE28 2308 0040 0371 0774 00
Steuemnummer 22 283 42757 Swift-Cade: PRES DE FF 230

Dr. Karin Liibbers
Senior Manager Regulatory Affairs

Sparkasse zu Libeck

Konto-Nr. 107 1117

BLZ 230 501 01

IBAN: DE15 2305 0101 G001 Q711 17
Swift-Code: HSHN DE H1 SPL

Sitz der Gesellschaft: Libeck
Handelsregister:
Amtsgericht Libeck HRA 4435 HL

Komplementér:

Dréger Medical Verwaltungs AG

Sitz der Gesellschaft: Libeck

Handelsregister:

Amtsgericht Lubeck HRB 5035

Vorsitzender des Aufsichtsrats:

Dipl.-Kfm. Theo Drager

Vorstand:

Dr. Velker Pfahlert (Vors.)

Dipl.-Kfm. Roland Jaksch 9 g
.



- DEPARTMENT OF HEALTH AND HUMAN SERVICES Form Approval
FOOD AND DRUG ADMINISTRATION OMB No. 9010-0120
Expiration Date; August 31, 2010.
CDRH PREMARKET REVIEW SUBMISSION COVER SHEET See OMB Statement on page 5.

FDA Submission Document Number (if known)
K072412

Date of Submission
5/12/2007

User Fee Payment ID Number

TYPE QF SUBMISSIO

PMA PMA & HDE Supplement PDP 510({k) Meating
I:] Original Submission [:] Regular (180 day) D Qriginal PDP <] Criginal Submission: [:I Pre-510(K) Meeting
D Premarket Report D Special D Notice of Completion D Traditional D Pre-IDE Meeting
D Modular Submission D Panel Track {PMA Only) D Amendment to PDP D Special D Pre-PMA Meeting
[] Amendment [ 30-day Supplement [] Abbreviated (Complete | [] Pre-PDP Meeting
[] rReport [] 30-day Notice . section |, Page 5) [ bay 100 Meeting
[] report Amendment | [] 135-day Supplement [X] Additional Information [] Agreement Meeting
[] vicensing Agreement | [[] Real-time Review [ Third Party [] Determination Meeting
Amendment to ther {specify):
[] Amend PMA [ other (specify)
&HDE Supplement
D Other
IDE Humanitarian Device Class 1l Exemption Petition Evaluation of Automatic Other Submission
Exemption (HDE) Class lll Designation
D Qriginal Submission D Original Submission D Original Submission n (De No'vo‘) D 513(g}
. . D Original Submission
D Amendment |:| Amendment D Additional Information I:l Additional Inf i Other
] supplement [ supplement tonal Information {describe submission):
E] Report
E] Report Amendment
Have you used or cited Standards in your submission? |:| Yes E No (If Yes, please complete Section I, Page 5)
SECTIONB SUBMITTER, APPLICANT OR SPONSOR
Company / Institution Name Establishment Registration Number (if known)
Driiger Medical AG & Co. KG 9611500
Division Name (if applicable) Phone Number (including area code)
N/A ( +49 )451-882-5367
.6t Address FAX Number {including area code)
Moislinger Allee 53-55 ( +49 )451-882-4351
City State / Province ZIP{Postal Code Country
Luebeck N/A D-23542 Germany

Contact Name
Dr. Karin Luebbers

Contact Title Contact E-mail Address
Senior Manager, Regulatory Affairs karin.luebbers@draeger.com

SECTION C APPLICATION CORRESPONDENT (e.g., consultant, if different from above)

Company [/ Institution Name
Draeger Medical Systems, Inc.

Division Name (if applicable} Phone Number'(includf’ng area cods)
N/A ( 215 )660-2078
Street Address FAX Number (including area code)
3135 Quarry Rd. ( 215 )721-5424
City State / Province ZIP/Postal Code Country
Telford PA 18969 US.A
Contact Name
Kathy Anderson
2t Tille - “T Contact E-mail Address
«dor Director, Regulatory Affairs kathy.anderson(@draeger.com
FORM FDA 3514 (9/07) - PAGE 1 of 5 PAGES

9 4 PSC Graphics: (301) 443-2454  EF



A\

j SECTION D1 REASON FOR APPLICATION - PMA, PDP, OR HDE

[ withdrawai
D Additional or Expanded Indications
I—| Reguest for Extension
Post-approval Study Protocol
|_] Request for Applicant Hold
DRequest for Removal of Applicant Hold
D Request to Remove or Add Manufacturing Site

D Change in desigh, component, or
specification:
D Software / Hardware
[ color Additive
[ Material
D Specifications
D Other (specify below)

D Location change:
Manufacturer

D Sterilizer

D Packager

D Process change:
E] Manufacturing
[] sterilization
D Packaging
D Other (specify below)

D Response to FDA correspondence:

D Labeling change:
Indications
D Instructions
I:l Performance
D Shelf Life
D Trade Name
D Other (specify below)

|:| Report Submission:
|:| Annual or Periodic
D Post-approval Study
D Adverse Reaction
|:] Device Defect
D Ameﬁdment

D Change in Ownership
D Change in Correspondent
D Change of Applicant Address

D Other Reason (specify):

] New Device

D New Indication

" Addition of Institution

___, Expansion / Extension of Study

{71 1r8 Gertification

D Termination of Study

] withdrawal of Application

L__I Unanticipated Adverse Effect
Notification of Emergency Use

D Compassionate Use Request

D Treatment IDE

D Continued Access

SECTION D2 REASON FOR APPLICATION - IDE

D Change in:

D Correspondent / Applicant
Design / Device

I:I Informed Consent

D Manufacturer

D Manufacturing Process

D Protocol - Feasibility

D Protocol - Gther

D Sponsor

D Report submission:
D Current Investigator
[:l Annual Progress Report
D Site Waiver Report
O Final

D Repose to FDA Letter Concerning:
L__] Conditional Approval
|:| Deemed Approved
D Deficient Final Report
El Deficient Progress Report
D Deficient Investigator Report
[:l Disapproval

Request Extension of
Time to Respond to FDA

D Request Meeting
[:] Request Hearing

D Other Reason {specify):

SECTION D3

I:I New Device

REASON FOR SUBMISSION - 510(k)

D Additional or Expanded Indications

D Change in Technology

I:I Other Reason (specify):

FORM FDA 3514 (9/07)

9 5 PAGE 2 of 5 PAGES



SECTION E ADDITIONAL INFORMATION ON 510(K) SUBMISSIONS
* I Product codes of devices to which substantial equivalence is claimed Summary of, or statement concerning,

1| CBK 2 3 4 safety and effectiveness information
D 510 (k) summary attached
5 6 7 8 [J 510 (k) statement
ymation on devices to which substantial equivalence is claimed (if known)
510(k) Number Trade or Proprietary or Mode! Name : Manufacturer
1] K051263 11 EvitaXL with Option SmartCare 1| Driger Medical AG & Co. KG
2 2 2
3 3 3
4 4 4
5 5 5
6 6 6

SECTION F PRODUCT INFORMATION - APPLICATION TO ALL APPLICATIONS

Common or usual name or classification

r—J Trade or Proprietary or Model Name for This Device 1 Model Number
v Option SmartCare for EvitaXL 1| 8415941
2| SmartCare kit Capno package . 2| 8415942
3| CO2 sensor CapnoSmart 3| 6871500
4 4
5 5
FDA document numbers of all prior related submissions (regardiess of outcome)
1 2 3 4 3 6
7 8 9 10 1 12

Data Included in Submission

[:l Laboratory Testing D Animal Trials D Human Trials
SECTION G PRODUCT CLASSIFICATION - APPLICATION TO ALL APPLICATIONS

Product Code C.F.R. Section {if applicable) Device Class

CBK 868.5895 |:] Class | @ Class lt
Classification Panel O class i [ unclassified
Anesthesiology

Indications (from fabeling}
please see Section 4 of the 510(k) submission

FORM FDA 3514 {9/07) ' PAGE 3 of 5 PAGES
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Y

Note: Submission of this information does not affect the need to submit a 2891 FDA Document Number {if known)
or 2891a Device Establishment Registration form.
SECTION H MANUFACTURING / PACKAGING / STERILIZATION SITES RELATING TO A SUBMISSION
Facili lishment Identifier (FEI) Numb

m Criginal ggitllgo%smb ishment [dentier (FEf) Number E Manufacturer I:I Contract Sterilizer

,Add D Delete D Contract Manufacturer D Repackager / Relabeler
Company / Institution Name Establishment Registration Number
Driiger Medical AG & Co. KG 9611500
Division Name {if applicable} Phone Number {including area code)
N/A ( +49 )451-882-5357
Street Address FAX Number (including area code}
Moislinger Allee 53-55 ( +49 }451-882-4351
City State / Province ZIP/Postal Code Country
Luebeck N/A D-23542 Germany
Contact Name Contact Title Contact E-mail Address
Dr. Karin Luebbers Senior Manager, Regulatory Affairs karin.luebbers{@draeger.com

Facility Establishment Identifier (FEI} Number
D Original D Manufacturer D Contract Sterilizer
D Add D Delete D Contract Manufacturer D Repackager / Relabeler
Company / Institution Name Establishment Registration Number
Division Name (if applicable) Phone Number (including area code}
( }
et Address FAX Number (including area code)
( )
City State / Province ZIP/Postal Code Country
Contact Name Contact Title Contact E-mail Address

- Facility Establishment Identifier (FEI) Number
I:[ Original D Manufacturer D Contract Sterilizer
D Add D Delete D Contract Manufacturer [:l Repackager / Relabeler
Company / Institution Name Establishment Registration Number
Division Name (if applicable) Phone Number (including area code)
( )
Street Address FAX Number (including area code)
( )
City State / Province ZIP/Postal Code Country
Contact Name Contact Title Contact E-mail Address

FORM FDA 3514 (9/07) . PAGE 4 of 5 PAGES
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SECTION | UTILIZATION OF STANDARDS

Note: Complete this section if your application or submission cites standards or includes a "Declaration of Conformity to a Recognized Standard”
statement.
Standards No. Standards Standards Title Version Date
Organization
1
Standards No. Standards Standards Title Version Date
Organization
2
Standards No. Standards Standards Title Version Date
Organization
3
Standards No. Standards Standards Title Version Date
Organization
4
Standards No. Standards Standards Title Version Date
QOrganization
Standards No. Standards Standards Title ' Version Date
Organization
6
Standards No. Standards Standards Title Version Date
QOrganization
7
Please include any additional standards to be cited on a separate page.
Public reporting burden for this collection of information is estimated to average 0.5 hour per response, including the time for reviewing instructions, searching
existing data sources, gathering and maintaining the dala needed, and completing reviewing the collection of information. Send comments regarding this burden
estimate or any other aspect of this collection of information, including suggestions for reducing this burden to:
Food and Drug Administration
CDRH (HFZ-342)
9200 Corporate Blvd.
Rockville, MD 20850
.gency may not conduct or sponsor, and a person is not required to respond io, a collection of infermation unless it displays a currently valid OMB control

FORM FDA 3514 {9/07} . ' PAGE 5 of 5 PAGES
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‘Dragermedical

Dréger Medical AG & Co. KG, Moislinger Allee 53-55, 23542 Libeck, Germany

Food and Drug Administration

Center for Devices and

Radiological Health

510(k) Document Mail Center (HFZ-401)

Attn. Ms../ Mr. Chiu Lin

9200 Corporate Boulevard
Rockville, Maryland 20850

USA

FDA CDRH DMC |

DEC 10 2007

Received

A Drager and Siemens Company

Date
2007-12-06

Qur ref.
mt-pq-ra

Phone
+49 (0) 451 882 2041

Fax
+49 (0) 451 882 4351

E mail
gustav.paulsen@draeger.com

Special 510(k) Premarket Notification Option SmartCare / PS for the EvitaXL (K072412)
Additional Information

Dear Ms. / Mr. Chiu Lin,

in response to your request for additional information dated October 15, 2007 for Option SmartCare /
PS for the EvitaXL ventilator, please find attached the information requested.

Please find enclosed two (2) paper copies of additional information.

If there is a need to discuss any aspect of this Premarket Notification, please contact either the
undersigned at +49 (451) 882-5367, or the assigned United States agent Ms. Kathy Anderson,
Drager Medical System, Inc., at (215) 660-2078.

With best regards,

T

Gustav Paulsen

Manager Regulatory Affairs

Enclosure: Two paper copies submitted,
Attachment: CDRH Submission Cover Sheet

Driger Madical AG & Co. KG
Moislinger Allee 53-55
D-23558 Labeck
Postanschrift: 23542 LObeck
Telefon +48 451 882-0
Telefax +4% 451 862-2080
E-mall: info@draeger.cam
www.draeger.com

UID-Nr.: DE812119413
Steusmummaer 22 283 42787

Commerzbank AG, Libeck

Konto-Nr. 0148795 00

BLZ 230 400 22

IBAN: DESS 2304 0022 0014 6795 00
Swift-Code: COBA DE FF 220
Dresdner Bank AG, Libeck

Konto-Nr, 371 Q77 400

BLZ 230 800 40

IBAN: DE28 2308 0040 0371 0774 00
Swift-Code: DRES DE FF 230

e i
/g o
Dr. Karin Libbers
Senior Manager Regulatory Affairs

Sparkasse zu Liibeck

Konto-Nr. 107 1117

BLZ 230 501 01

IBAN: DE15 2305 0101 0001 0711 17
Swift-Code: HSHN DE H1 SPL

Sitz der Gesellschaft: Liback
Handelsregister:
Amtsgericht Libeck HRA 4435 HL

Komplementar:

Driger Medical Verwaltungs AG
Sitz der Gesellschaft: Liibeck
Handelsregister:

Amtsgericht Liback HRB 5035
Vorsitzender des Aufsichtsrats:
Dipl.-Kim. Theo Dréger
Veorstand:

Dr. Volker Pfahlert (Vors.)
Dipl.-Kfm. Reland Jaksch

99



4 DEPARTMENT OF HEALTH AND HUMAN SERVICES
FOOD AND DRUG ADMINISTRATION

CDRH PREMARKET REVIEW SUBMISSION COVER SHEET

Form Approval

OMB No. 9010-0120

Expiration Date: August 31, 2010.
See OMB Statement on page 5.

Date of Submission User Fee Payment ID Number

5/12/2007

~SECTION A

D 135-day Supplement
I:I Real-time Review

L—_l Amendment to PMA
&HDE Supplement

D Report Amendment
D Licensing Agreement

TYPE OF SUBMISSIO

FDA Submission Document Number (if known}
K072412

PMA PMA & HDE Supplement PDP 510(k) Meeting
[ original Submission | [] Regutar (180 day) [ original POP (X original Submission: [ Pre-510(K) Meeting
I:I Premarket Report D Special Notice of Completion D Traditional D Pre-IDE Meeting
|:| Modular Submission [:] Panel Track (PMA Cnly) D Amendment to POP |:| Special D Pre-PMA Meeting
I:l Amendment D 30-day Supplement D Abbreviated {(Complete D Pre-PDP Meeting
1 Report [ 30-day Notice section |, Page 5) [ ay 100 Meeting

m Additional Information
[ Third Party

D Other (specify):

D Agreement Meeting
Determination Meeting

D Report Amendment

D Qther
IDE Humanitarian Device Class Il Exemption Petition Evaluation of Automatic Other Submission
Exemption {HDE) Class lll Designation
{1 original Submission | [] Original Submission [ original Submission ~ (De Novo) (] s13(g)
" . I:] Qriginal Submission
|:| Amendment D Amendment D Additiona! Information D Additional Information I:l Other
] supplement ] supplement ! {describe submission):
D Report

D Yes

Have you used or cited Standards in your submission?

SECTIONB

Company / Institution Name
Driger Medical AG & Co. KG

1

No {If Yes, please complete Section f, Page 5)

SUBMITTER, APPLICANT OR SPONSOR

Establishment Registration Number (if known)
9611500

Division Name (if applicable)
N/A

Phone Number (including area code)
( +49 )451-882-5367

" “reet Address
Aoislinger Allee 53-55

FAX Number (including area code)
( +49 )451-8824351

City
Luebeck

ZIP/Postal Code
D-23542

Country
Germany

State / Province
N/A

Contact Name
Dr. Karin Luebbers

Contact Titie
Senior Manager, Regulatory Affairs

SECTIONC

Company / Institution Name
Dracger Medical Systems, Inc.

Contact E-mail Address
karin.luebbers@draeger.com

APPLICATION CORRESPONDENT {e.g., consultant, if different from above)

Division Name (if applicable)}

Phone Number (including area code}

nior Director, Regulatory Affairs

N/A ( 215 )660-2078

Street Address FAX Number (including area code}

3135 Quarry Rd. ( 215 )721-5424

City State / Province ZIP{Postal Code Country
Telford PA 18969 US.A.
Contact Name

Kathy Anderson

Contact Title Contact E-mail Address

kathy.anderson@draeger.com

FORM FDA 3514 (9/07)

PAGE 1 of 5 PAGES

PSC Graphicy: (301) 4432454 EF
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SECTION D1 REASON FOR APPLICATION - PMA, PDP, OR HDE

D Withdrawal E] Change in design, component, or I___I Location change:
D Additional or Expanded Indications specification: D Manufacturer
[] Request for Extension L] software / Hardware L] sterilizer
™) Post-approval Study Protocol [ color Additive [ packager
(] Request for Applicant Hold [ material
[Jrequest for Removal of Applicant Hold L] specifications
] Request to Remove or Add Manufacturing Site L1 other (specity botow)
D Process ¢change: D Labeling change: D Report Submission:
D Manufacturing D Indications D Annual or Pericdic
D Sterilization D Instructions D Post-approval Study
D Packaging D Performance D Adverse Reaction
[ other (spacify beiow) [T shef Life [ pevice Defect
D Trade Name I:l Amendment
D Response to FDA correspondence: D Other {specify below) D Change in Ownership
|:| Change in Corespondent
D Change of Applicant Address

D Cther Reason (specify):

SECTION D2 REASON FOR APPLICATION - IDE

[:l New Device ' D Change in: D Repose to FDA Letter Conceming:
D New Indication D Correspondent / Applicant E] Conditional Approval

D Addition of Institution D Design / Device D Deemed Approved

_] Expansion / Extension of Study D Informed Consent D Ceficient Final Report

J IRB Certification D Manufacturer D Deficient Progress Report
D Temination of Study D Manufacturing Process D Deficient Investigator Report
D Withdrawal of Application ' D Protocol - Feasibility |:| Disapproval

D Unanticipated Adverse Effect D Protocol - Other D Request Extension of

D Notification of Emergency Use D Sponsor Time to Respond to FDA

D Compassionate Use Request o Request Meeting

E] Treatment IDE D Report submission: ] rRequest Hearing

[:I Current Investigator
D Annual Progress Report
D Site Waiver Report

O Final

D Continued Access

D Other Reason (spacify):

SECTION D3 REASON FOR SUBMISSION - 510(k)

] New Device [ Additional or Expanded indications [ change in Technology

D Other Reason (specify):

FORM FDA 3514 {9/07) PAGE 2 of 5 PAGES
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SECTION E ADDITIONAL INFORMATION ON 510(K) SUBMISSIONS

’[ Product codes of devices to which substantial equivalence is claimed Summary of, or statement concerning,
1] CBK 2 3 4 safety and effectiveness information
D 510 (k) summary attached
5 6 7 8 [ 510 (k) statement
Information on devices to which substantial equivalence is claimed (if known)
,f 510(k} Number Trade or Proprietary or Model Name “ Manufacturer
11 K051263 1) EvitaXL with Option SmartCare 1| Driger Medical AG & Co. KG
2 2 2
3 3 3
4 4 4
5 5 5
6 6 6

SECTION F PRODUCT INFORMATION - APPLICATION TO ALL APPLICATIONS

Common or usual name or classification

; " Trade or Proprietary or Model Name for This Device ~: Model Number
Option SmartCare for EvitaXL 1| 84 15941

2| SmartCare kit Capno package : 2| 8415942

3| CO2 sensor CapnoSmart 3| 68 71 500

4 4

5 5

FDA document numbers of all prior related submissions (regardless of ocutcome)
1 2 3 4 5 [3

7 8 9 10 11 12

Data Included in Submission

D Laboratory Testing D Animal Trials El Human Trials

SECTION G PRODUCT CLASSIFICATION - APPLICATION TO ALL APPLICATIONS
Product Code C.F.R. Section (if applicable) Device Class

CBK 868.5895 |:| Class | IZI Class 1
Classffication Panel [ class 1 [ unclassified
Anesthesiology

Indications (from labeling)
please see Section 4 of the 510(k) submission

FORM FDA 3514 (9/07) : PAGE 3 of 5 PAGES
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Note: Submission of this information does not affect the need to submit a 2881
or 2891a Device Establishment Registration form.

SECTIONH

E Criginal
[Jadd [Joemete

Facility Establishment Identifier {FEI} Number
9611500

MANUFACTURING / PACKAGING / STERILIZATION SITES RELATING TO A SUBMISSION

FDA Document Number (if known)

D Contract Sterilizer
D Repackager / Relabeler

E Manufacturer
D Contract Manufacturer

Company / Institution Name
Driger Medical AG & Co. KG

Establishment Registration Number
9611500

Division Name (if applicable}
N/A

Phone Number (including area cods)
{( +49 )451-882-5357

Street Address
Moislinger Allee 53-55

FAX Number (including érea code)
{ +49 )451-882-4351

City
Luebeck

State / Province ZIP/Postal Code
N/A D-23542

Country
Germany

Contact Title

Contact Name
Dr. Karin Luebbers

Facility Establishment |dentifier (FE!) Number

[ original
[Jadd []oelete

Senior Manager, Regulatory Affairs

Contact E-mail Address
karin.luebbers@draeger.com

D Manufacturer D Contract Sterilizer
D Contract Manufacturer D Repackager / Relabeler

Company / Institution Name

Establishment Registration Number

Division Name {if applicable)

Phone Number (including area code}

( )
Street Address FAX Number (including area code)
( )
City State / Province ZIP/Postal Code Country

Contact Title

Contact Name

Facility Establishment Identifier (FEI) Number

] original
Oada [ pelete

Contact E-mail Address

D Contract Sterilizer
|:| Repackager / Relabeler

D Manufacturer
D Contract Manufacturer

Company / Institution Name

Establishment Registration Number

Division Name {if applicable)

Phone Number (including area code)

( )
Street Address FAX Number (including area code)
( )
City State / Province ZIP/Postal Code Country

Contact Title

Contact Name

FORM FDA 3514 (9/07)

Contact E-mail Address

PAGE 4 of 5 PAGES
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_SECTION | UTILIZATION OF STANDARDS

Note: Complete this section if your application or submission cites standards or includes a "Declaration of Conformity to a Recognized Standard”
statement.
Standards No. Standards Standards Title Verston Date
Organization
1
Standards No. Standards Standards Title Version Date
Organization -
2
Standards No. Standards Standards Title Version Date
- QOrganization
3
Standards No. Standards ) Standards Title Version Date
Organization
4
Standards No. Standards Standards Title Version Date
Crganization
5
Standards No. Standards Standards Title - Version Date
Qrganization
6
Standards No. Standards Standards Title Version Date
Organization
7
Please include any additional standards to be cited on a separate page.
Public reporting burden for this collection of information is estimated to average 0.5 hour per response, including the time for reviewing instructions, scarching
existing data sources, gathering and maintaining the data needed, and completing reviewing the collection of information. Send comments regarding this burden
estimate or any other aspect of this collection of information, including suggestions for reducing this burden to:
Food and Drug Administration
CDRH (HFZ-342)
9200 Corporate Blvd.
Rockville, MD 20850

‘n agency may not conduct or sponsar, and a person is not required to respond to, a collection of information unless it displays a currently valid OMB control

FORM FDA 3514 (8/07) : PAGE 5 of 5 PAGES
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EvitaXL with | : I_]ﬁ::igl!l'medlCal

SmartCare / PS Option - serand Si o
Additional Information (K072412) ADrégerand Siemens Company

Additional Information

for the

Optioh SmartCare / PS for the EvitaXL ventilator

510(k) Premarket Notification (K072412)
- Requested on October 15, 2007
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December 2007 Page 1 of 13

i 105



EviteXL with | Urdgermedical

SmartCare / PS Option
Additional information (K072412)

ADriger and Siemens Company
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OCT. 16. 2007 11:08AM ,  FDA-CDRH-ODE-POS NO. 9239 P |

DEPARTMEN?.‘, OF HEALTH & HUMAN SERVICES Public Heaith Service

: Food and Drug Administration
0CT 1 & 2007 9200 Corporate Boulevard
Rockville MD 20850

FOTPITRRSO PR —

Driiger Medigal AG & Co. KG
C/0O Kathy Anderson

Senior Direcjor Regulatory Affairs
Drager Medical, Incorporated
3135 Quarry|Road

Telford, Pennsylvania 18969

Re: K0724{12
Option SmartCare/PS for the EvitaXL ventilator
Dated: August 23, 2007
Received: August 27, 2007

Deur Ms. Axamderson:

We have reviewed your Section $10(k) premarket notification of intent ta market the device
referenced above. We cannot determine if the device is substantially cquivalent to a legally
marketed predicate device based solely on the information you provided. To complete the
review of yc1$ur submission, we require the following information:

s 004
108



OCT. 16, 2007 11:09AM FOA-CORH-ODE-POS NO.5239 P 2

1
t
!
|

Page 2 - Ms% Anderson




UCT T6. 2007 THIUYAM i FUA-CORH-UDE-FOS NO. H239 P 3
Lo

Page 3 ~ Ms! Anderson

| |
The deficienties identified above represent the issues that we believe need to be resolved
before our raview of your 510(k) submission can be successfully completed. In developing
the deficiengies, we carefully considered the statutory criteria as defined in Section 513(i) of
the Federal Food, Drug, and Cosmetic Act for detenmining substantial equivalence of your
device. We hlso considered the burden that may be incurred in your attempt to respond to
the dcficiendies. We believe that we have considered the least burdensome approach to
resolving thq'se issues. If, however, you believe that information is being requested that s
not relevant to the regulatory decision or that there is a less burdensome way to resolve the
issues, you should foliow the procedures outlined in the “A Suggested Approach to
Resolving Least Burdensome Issues” document, It is available on our Center web page at:
http:/fwww. 1:da. gov/cdrh/modact/leastburdensome.html

You may noi matket this device unti! you have provided adequate information described
above and required by 21 CFR 807.87(1), and you have received a letter from FDA allowing
you to do sof If you market the device without conforming to these tequirements, you will
be in violation of the Federal Food, Drug, and Cosmetic Act (Act). You may, however,
distribute this device for investigational purposes to obtain clinical data if needed fo
establish substantial equivalence. Clinical mvestigations of this device must be conducted in
accordance with the investigational device exemption (IDE) regulations.

If the inforndation, or a request for an extension of time, is not received within 30 days, we
will consider your premarket notification to be withdrawn and your submission will be -
deleted froni our system. If you submit the requested information after 30 days it will be
considered and processed as a new 510(k); therefore, all information previously submitted
must be rcsd'bmitted so that your new 510(k) is complete. .

The request%.d information, or a request for an extension of time, should reference your
above 510(K) number and should be submitted in duplicate to:

Food and Drug Administration

Center for Devices and
Radiological Health

Document Mail Center (HFZ-401)

9200 Corporate Boulevard

Rockville, Maryland 20850

006
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Page 4 - Ms. Anderson

If you have &ny questions concerning the contents of the letter, please contact Charles M.
Kems at 240-276-3775. 1f you need information or assistance conceming the IDE
regulations, please contact the Division of Small Manufacturers, International and Consumer
Assistance at its toll-free number (800) 638-2041 or at (301) 443-6597, or at its Internet

address httpi//www fda.pov/edrh/dsma/dsmamain.himl,

Sincerely yours,

ool g PES g,

! Chiu Lin, Ph.D.
Director
Division of Anesthesiology, General Hospital,
Infection Control and Dental Devices
Office of Device Evaluation -
Center for Devices and
Radiological Health

007



EvitaXL with _ nlﬁSEf medlcal

SmartCare / PS Option
Additional Information (K072412)

ADr4ger and Siemens Company

008

December 2007 - Page 40f13

U A



DEPARTMENT OF ‘HEALTH AND HUMAN SERVICES Public Health Service

Food and Drug Administration
Center for Devices and
Radiological Health

Office of Device Evaluation
Document Mail Center (HFZ-401)
9200 Corporate Blvd.

November 06, 2007 Rockville, Maryland 20850
DRAGER MEDICAL AG & CO. KGAAD 510(k} Number: K072412

C/0 DRAGER MEDICAL , INC. Device: QPTION SMARTCARE
3135 QUARRY ROAD ‘'FOR
TELFORD, PA 18969 ’ EVITAXL, SMARTCAR
ATTN: KATHY ANDERSON o E KIT CAPNC

Extended Until: 12-DEC-2007

Based on ybur recent request, an extension of time has been granted
for you to submit the additional information we requested.

If the additional information (AI) is not received by the

"Extended Until” date shown above, your premarket notification will
be considered withdrawn (21 CFR 807.87(1)). If the submitter does
submit a written request for an extension, FDA will permit the 510 (k)

to remain on hold for up to a maximum of 180 days from the date cf the
AT request.

If you have procedural questions, please contact the Division of Small
Manufacturers International and Consumer Assistance (DSMICA) at

(240)276-3150 or at their toll-free number (800) 638-2041, or contact
the 510k staff at (240)276-4040, .

. Si 1 p
Eviii:J%yizrrS:;la

Marjorie Shulman
Supervisory Consumer Safety Officer
Premarket Notification Section
Office of Device Evaluation
Center for Devices and

Radiological Health

whro—r10
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Additional Information (K072412) ADragerand Siemens Company
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Urdgermedical

EvifaXL with ADr4ger and Siemens Company

SmartCare /PS Otion

Performance and Testing Data (revised Section 7)
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Urdgermedical

EvitaXL with ADréager and Siemens Company

SmartCare / PS Ofion .
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Dragermedical

EvitaXl. with A Dréger and Siemens Company

SmartCare / PS Option

013

December 2007 Page 3 of 4

117




Dragermedical

EvitaXL with ADr4ger and Siemens Company

SmartCare / PS Option
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EvitaXL with Dragermedical

SmartCare / PS Op tion ADréger and Siemens Comparny

Additional Information K072412
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Uragermedical

EVitaXL with ADriiger and Siemens Company
SmartCare / PS Option
Proposed Device Labeling (revised Section 6)

The device labeling of the EvitaXL and the SmartCare Option in terms of instructions for use and
device label (adhesives) is not changed. Thus the material is not included in this submission.

The promotional material included in the first SmartCare submission K#051263 remains in use
unchanged and is not included in this submission.

The changes covered by this submission refer only to the promotional material appended to this
section. It comprises customer presentations, a print advertisement and an Excel spreadsheet
calied 'Hospital Flow Calculation Tool’.

Drager Medical intends to create more promotional material based on the claims stated in this
submission.

Summary of Claims

The claims made in the promotional material are summarized as follows:

Cost reduction:
- Impact the bottom line

All claims include the following statement:

“Results are based on a European Multicenter Randomized Trial with 144 patients
demonstrating improved respiratory condition, with stable hemodynamic and neurologic status,
and no ARDS.”

The concrete presentation of the claims is shown in the appended slides

December 2007 ' Page 1 of 34
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Uragermedical

EvitaXL with ADriger and Siemens Company
SmartCare / PS Option
List of Appendices
* Appendix 6.1: Excerpt form Presentation “Impact”
Appendix 6.2: Excerpt form Presentation “Integrated CareArea™ Solutions for Critical
Care”
Appendix 6.3: Excerpt form Presentation “Impact Solutions for Critical Care Ventilation”

NOTE: The complete presentations listed under 8.1 - 8.3 cover a wide
range of Dréager products. The excerpts included here comprise the
SmartCare section of these presentations.

Appendix 6.4: “Impact” Print Ad
Appendix 6.5: Presentation: Hospital Flow Calculation Tool {including screen shots)
Appendix 6.6: Paper: “The Hospital Flow Diagnostic” Description for Excel based
Calculation Tool
Appendix 6.7: CD Rom with Hospital Flow Calculation Tool
Contents:

¢ Throughput_Simulation US 1.3 .xIs (MS Excel Spreadsheet)
o qtp.exe (QTP 4.0, required Excel Plugln)

Hospital Flow Calculation Tool

The calculation tocl uses queuing theory to mddel patient throughput through a hospital or a
single unit based upon admission requests, available beds and length of stay on the ICU.

The tool has neither diagnostic nor therapeutic inputs or outputs.

As potential ICU patients cannot wait for treatment, the allowed queue is zero. The simulation
calculates the probability of the ICU being full and therefore the probability that patients that
cannot be admitted due to full occupancy of the ICU have to be diverted to other hospitals.

Input parameters for the simulation are:

The actual hospital data are modified allowing for the outcome effects of e.g. SmartCare/PS.
The reduced length of stay results in an increased throughput for the ICU. This is shown by the
main output parameters of the simulation:

017
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Dragermedical

EvitaXL with ADriger and Siemens Company
SmartCare / PS Option

These data are transferred into a business case calculation considering the coverage of fix costs
of a day at the ICU and the revenues of additionally treated patients. The impact on the financial
result of the hospital is shown as the final result of the calculation.

NOTE:

For reviewing the tool please refer to the appended CD ROM. install QTP (a package of Excel
formulas for modeling queues) first. Open ‘Throughput_Simulation US 1.3 .xIs’

NOTE:

Changes made to the promotional material due to FDA's deficiencies correction are labeied as
follows: text portions that were removed are crossed out, their new substitutes are underlined.

018
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Uragermedical

EvitaXL with ADriger and Siemens Company

SmartCare / PS Otion
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Uragermedical

EvitaXL with ADriger and Siemens Company
SmartCare / PS Option
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Uragermedical

EvitaXL with ADréger and Siemens Company
SmartCare / PS Option
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Urdgermedical

EvitaXL with ADréger and Siemens Company
SmartCare / PS Option
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EvitaXL with ADriger and Siemens Company
SmartCare / PS Option
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EvitaXL with : ADréger and Siemens Company
SmartCare / PS Option
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Urager medical

ADréger and Siemens Company

EvitaXL with
SmartCare / PS Option
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Uragermedical

EvitaXL with A Dréger and Siemens Company

SmartCare / PS Otion
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EvitaXL with A Driger and Siemens Company
SmartCare / PS Option
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EvitaXL with ADragerand Siemens Company
SmartCare / PS Option
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Uragermedical

EvitaXL with ADréger and Siemens Company

SmartCare / PS Otion
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EvitaXL with E ADréger and Siemens Company
SmartCare / PS Option
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EvitaXL with
SmartCare / PS Option

Uragermedical

ADréger and Siemens Company
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Dragermedical

EvitaXL with ADriger and Siemens Company
SmartCare / PS Option
-Accelerate-healing Improve therapy Drdagermedical

The challenge ADriger snd Siemens Compeny
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ragermedical

EvitaXL with ADréger and Siemens Company
SmartCare / PS Option
-“Acceterate-healing Improve therapy Dragermedical
The solution ADvger s Semen Cmpary
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Urdgermedical

EvitaXL with ADréger and Siemens Company
SmartCare / PS Option

Accelerate-healing Improve therapy Dragermedical

The impact ADrager a0 Samens Company
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Uragermedical

EvitaXL with ADréger and Siemens Company
SmartCare / PS Option
Impact your entire Critical Care process Dﬁgermedical

A Drliger and Siemens Company

aSrs)

Free up more time for patient care i3 " ; 1 Support a healing environment

-Accelerate-healing-Improve therapy and
reduce ventilation time
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EvitaXL with
SmartCare / PS Option

Dragermedical

ADriger and Siemens Company

Appendix 6.4: “Impact” Print Ad

Drdger

What’s one way to dramatically
impact Critical Care?

Reduce overall
ventllation Hme
by up lo

o1 Me

automated weaning it's not

only poss it's documented. Think of what that can mean (o
and your bottom lne. Yei i's Just

¥ Solutions for Cr

your patients... your productivity...

one aspect of our Integrated Cared 1 Care

and the eniire care proce ) discover how all of our innoyative

solutlons can Impact your care process, visit www.draeger.com

*¥. Lellouche et al

y Care > Parloperstive Care il Care > Porinatal C

December 2007

Page 21 of 34
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Dragermedical

EvitaXL with - ADrager and Siemens Company
SmartCare / PS Option

Appendix 6.5: Hospital Throughput Calculation Tool

The presentation contained in this appendix gives an overview on the calculation of ICU
throughput with the Excel spreadsheet.

Pages that contain screenshots from the spreadsheet are marked with *)XLS.

Dragermedical

ADriger and Siemens Company

Do you have to

divert patientS from the emergency room
orreschedule Operations because the [CU 1S

full?

cy Care - Perioperative Care « Critical Care - Perinatal Care - Home Care Because you care
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EvitaXL with ADrégerand Siemens Company

SmartCare / PS Otion
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EvitaXL with ADriger and Siemens Company

SmartCare / PS Option
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EvitaXL with ADréger and Siemens Company

SmartCare / PS Otion
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SmartCare / PS Otion
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EvitaXL with A Drager and Siemens Company
SmartCare / PS Option
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EvitaXL with ADréger and Siemens Company
SmartCare / PS Option
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EvitaXL with ADréger and Siemens Company

SmartCare /PS Otion
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Urager medical

EvitaXL with A Drager and Siemens Company

SmartCare / PS Option
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EvitaXL with ADrigerand Siemens Company

SmartCare / PS Option
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The Leapfrog Group’s Patient Safety Practices, 2003:

The Potential Benefits of Universal Adoption

Research Director
John D. Birkmeyer, MD
Professor of Surgery
University of Michigan

Project Manager

Justin B. Dimick, MD
Research Fellow
Dartmouth Medical School
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EXECUTIVE SUMMARY

The Leapfrog Group is a large coalition of more than 150 private and public sector health care
purchasers working together to improve the quality of healthcare. The Leapfrog Group’s quality
improvement efforts highlight three main areas: 1) computer physician order entry (CPOE); 2)
evidence-based hospital referral (EHR) for high-risk surgery and neonatal intensive care; and 3)
ICU physician staffing (IPS).

The following report estimates the benefits that could potentially be achieved if every non-rural
hospital in the United States complied fully with the 2003 Leapfrog safety standards. As in our
previous analysis for the 2000 standards, we approached the analysis in two steps. First, we
estimated the population at risk—the number of patients in metropolitan areas who are currently
receiving care in hospitals not meeting the Leapfrog standards. Second, we estimated baseline
risks in hospitalized patients, and the potential risk reductions associated with each of the safety
standards. Our estimates have been updated from our previous analysis to account for both
changes in the Leapfrog safety specifications and new scientific evidence since our last report.

The following Table summarizes the results of our baseline analysis:

Leapfrog Safety Initiative Potential benefit with full implementation

Computerized Physician Order Entry 567,000 serious medication errors avoided

Evidence-Based Hospital Referral

Five high-risk procedures 7,602 lives saved
High-risk deliveries 3,606 lives saved
ICU Physician Staffing 54,133 lives saved

Although our analysis is based on the best information currently available, there remain gaps in
existing scientific knowledge. In particular, there was insufficient research to allow us to estimate the
amount of morbidity (injury or disability) associated with errors in treatment, surgery, or medications.
Also, as outlined later in our report, universal adoption of each standard faces several implementation
challenges and would have other indirect policy implications. Nonetheless, we believe that successful
adoption of The Leapfrog Group’s three safety initiatives would significantly reduce the large annual
toll of avoidable deaths and improve patient safety in hospitals across the United States.

Compater physician order entry

- The Leapfrog Group’s standard for computer physician order entry (CPOE) requires that hospitals use
a computer system that includes prescribing-error prevention software for the entry of physician
medication orders. The CPOE standard has remained unchanged since our previous report. Also,
there is little new evidence regarding the effectiveness of CPOE or the baseline incidence of serious
medication errors. New data does suggest that hospital adoption of CPOE technology is increasing
but remains low overall.

Based on a survey from 2001, 94% of US hospitals did not meet the CPOE standard, creating a
population at-risk of 30 million patients. According to the best evidence, CPOE decreases serious
medication errors by 55%. We estimate that universal implementation of CPOE would avert
approximately 567,000 serious medication errors each year in the United States, Based on a more
recent study by Bates et al. suggesting an 88% error reduction rate, a substantially greater number of
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errors (907,677) could be potentially averted. Although a large proportion of serious medical errors
are life threatening, the numbers that result in fatalities cannot be determined precisely from the
medical literature. Accordingly, we did not calculate the number of deaths potentially avoided by
CPOE. However, if only 0.1% of such errors were fatal, nearly 600 deaths would be avoided every
vear. If the fatality rate were 1%, nearly 6000 deaths would be avoided.

Evidence-based hospital referral: High-risk surgery

Evidence-based hospital referral (EHR) for high-risk surgery is based on the selective referral of
patients to hospitals that meet certain quality standards for five operations. The quality measures
previously focused only on minimum volume standards but have been expanded in 2003 to include
processes of care and direct outcomes measurement. Also, because of new information on the
strength of their volume-outcome relationships, Leapfrog has dropped carotid endarterectorny and
added pancreatic resection to its list of operations. The 2003 standards for AAA repair, CABG and
PCI now include documented adherence to certain clinical processes of care known to improve
outcomes. For coronary artery bypass grafting (CABG) and percutaneous coronary interventions
(PCI), risk-adjusted mortality rates have also been incorporated into the standards.

The proportion of the population at hospitals not meeting the EHR standards varied from 43% for PCI
to 78% for CABG. The potential mortality reduction with EHR also differed across operations and
was greatest for CABG (59%) and the smallest for AAA repair (37%). We estimate that
implementation of EHR for these 5 surgical procedures would save approximately 7,602 lives each
year in the US. The greatest number of deaths would be prevented with CABG (4,089 deaths
annually), followed by PCI (2,800), and elective AAA repair (356). EHR would save 180 and 177
lives, respectively, with esophageal resection and pancreatic resection. The addition of process and
outcomes measures to the previous volume standards has significantly increased the potential benefits
of full implementation of EHR across the U.S. (2,581 in our previous analysis). The majority of the
increase can be attributed to more precise classification of high quality centers using risk-adjusted
mortality for CABG and PCI, by far the two most common procedures.

Evidence-based hospital referral: High-risk neonatal intensive care

The evidence-based hospital referral (EHR) standard for neonatal intensive care is based on selective
referral of high-risk infants and deliveries to hospitals that meet minimum volume standards and
demonstrate adherence to a new process of care measure. The EHR standard for neonatal care is
directed to mothers of infants with very low birth weight (VLLBW), very premature infants (<32
weeks gestational age), or those with a pre-natal diagnosis of major congenital anomaly. The newly
incorporated process of care measure requires the documented use of antenatal steroids to the mothers
of eligible infants. :

Based on estimates from the state of California, 82% (45,954) of infants with congenital anomalies
and 74% (57,737) of VLBW and/or very premature infants are born at hospitals that do not meet the
standards. With EHR, there is an approximately 30% mortality reduction with referral to a higher
volume NICU and a 40% mortality reduction with the use of antenatal steroids. We estimate that full
implementation of EHR nationwide for high-risk neonatal intensive care would save approximately
3,606 lives each year in the U.S.. VLBW and/or very premature infants comprise the majority of lives
saved (3,766 lives); infants with major congenital anomalies comprise the remainder (551 lives).
Within the former group, the increased use of antenatal steroids, contributes significantly to the total
number of lives saved (405 lives).
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ICU physician staffing

The Leapfrog Group’s ICU physician staffing (IPS) standard requires that physicians with
specialized experience in critical care medicine manage or co-manage patients in the ICU. These
physicians, called intensivists, must be present in the ICU during daytime hours and at other
times should be able to return pages within 5 minutes or arrange for on-site physicians or
physician extenders who can reach ICU patients within 5 minutes. The IPS standard has changed
in 2003 to include the pediatric population.

Currently in the US, 79% (1,473,085) of admissions to adult ICUs and 51% (73,500) of
admissions to pediatric ICUs occur in settings that do not satisfy the IPS standard. New evidence
. from a structured literature review shows that a 30% reduction in mortality could be achieved
with increased ICU physician staffing. We estimate that full implementation of intensivist model
staffing would save approximately 54,133 lives (1,102 children and 53,031 adults) each year in
the US. As expected, for both the adult and pediatric population, the number of lives saved varies
according to assumptions about the effectiveness of intensivist model staffing. For example,
assuming a 10% relative mortality reduction, 18,000 adult lives would be saved. In contrast,
assuming a 50% mortality reduction would save over 90,000 adult lives.
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Computer physician order entry

Overview’

The Leapfrog Group’s standard for computer physician order entry (CPOE) requires hospitals to
assure that at least 75% of hospital medication orders are entered through a computer system that
includes prescribing-error prevention software and can alert physicians of at least 50% of
common, serious prescribing errors. Hospitals must also require that physicians electronically
document a reason for overriding an interception generated by the CPOE system.

There is relatively little new evidence since our last report regarding the efficacy of CPOE or the
incidence of serious medical errors in hospitalized patients. However, new data does suggest that
hospital adoption of CPOE technology is increasing but remains low overall: the proportion of
patients at hospitals meeting the Leapfrog CPOE standard increased from 2% to 6% between
1997 and 2001.>*

In the updated baseline analysis, universal implementation of CPOE would avert approximately
567,000 serious medication errors each year in the United States (Figure 1). The proportion of
serious medical errors that result in fatality cannot be determined precisely from the medical
literature. However, if only 0.1% of such errors were fatal, nearly 600 deaths would be avoided
by CPOE every year. If the fatality rate were 1%, almost 6000 deaths would be avoided every
year. In the following sections, we describe the methods and assumptions used in our analysis.

Methods and assumptions

The approach we used to estimate the number of serious medication errors potentially averted by
full implementation of CPOE is illustrated in Figure 1. We first determined the population of
inpatients who stand to benefit by the policy. We then calculated their baseline risk of serious
medication errors and the reductions expected with CPOE.

Number of Qatie'nts currently admitted at hospitals without CPOE. Based on data from the
Nationwide Inpatient Sample (NIS),' 37,187,641 patients were admitted to non-federal, acute

care hospitals in 2001. To avoid problems with health care access in rural areas, The Leapfrog
Group is restricting CPOE, along with the other safety initiatives, to metropolitan areas.
According to data from the NIS, hospitals in metropolitan areas accounted for 84% of all hospital
admissions.'

We used new data to estimate the proportion of patients currently being treated at hospitals
without CPOE, In our original report we estimated that only 2% of hospitalized patients were in
hospitals with CPOE, based on a 1997 survey by Ash et al.” A more recent survey conducted in
2001 by the American Society of Health-System Pharmacists (ASHP) revealed that 4.3% of
hospitals had computer physician order entry.” However, this proportion varied significantly
according to hospital size. For instance, only 1.5% of hospitals with fewer than 50 beds had
CPOE, compared to 20.4% at hospitals with more than 400 beds. Using data from NIS and
appropriate weighting techniques, we estimate that 15% of hospitalized patients are treated in
hospitals with CPOE systems on site (Table 2). Not all hospitals meet the Leapfrog Standard of
having more than 75% of orders entered via CPOE. Among those hospitals with CPOE in the
2001 survey, only 35% met this requirement (Table 2). Thus, we estimate that only 6% of
patients are currently treated in hospitals with CPOE systems meeting Leapfrog criteria.



Baseline rate of serious medication errors. A serious medication error is a non-intercepted error in
the process of ordering, dispensing, or administering a medication that causes or has the potential
to cause an adverse drug event.” In two studies by Bates et al at a single teaching hospital,* such
errors occurred at a rate of 10.7 and 7.6 per 1,000 pt-days. Expressed in terms of incidence rates
per admission, 5.1% and 3.4%, respectively, of hospitalized patients experienced at least one
serious medication error. In our baseline analysis, the more conservative (lower) error rate of 7.6
per 1,000 pt-days was used. Thus, approximately 1,031,452 serious medication errors occur every
year in US hospitals without CPOE.

Efficacy of CPOE. There is considerable literature describing the effectiveness of electronic
clinical decision support systems in different contexts, as summarized recently by Kaushal et al.b
A smaller number of studies have focused specifically on CPOE.®® (Table 3) For this analysis, we
relied exclusively on two studies conducted by Bates et al (Table 1), the only studies using

serious medical errors as outcome measures. In the first study of over 2,000 admissions at a single

academic medical center, serious medication errors fell from 10.7 to 4.9 per 1000 patient-days
after implementation of CPOE (55% reduction).® In the second study (using later generation
software with more advanced decision support), the proportion of patients experiencing serious
medication errors fell from 7.6 to 1.1 per 1000 pt-days (88% reduction).” The more conservative
estimate of CPOE efficacy (55%) was used in our baseline analysis.

Results

In our baseline analysis, we estimate that fuil implementation of CPOE would avert
approximately 567,298 serious medication errors each year in the US. As expected, the number of
- errors avoided varied according to the efficacy of CPOE. (Figure 2) Although we were

* conservative in our baseline analysis (55% reduction in error rate with CPOE), assuming higher
levels of effectiveness would have significantly increased the estimates of serious medication
errors avoided. For instance, if the greater relative risk reduction (88%) seen in the more recent
study by Bates et al is used for estimation, 907,677 medlcal errors are potentially averted (Figure
2).

Cautions and policy considerations

The number of serious medication errors that would be avoided if CPOE were implemented at all
US hospitals depends on assumptions about the baseline error rate and the effectiveness of CPOE
in avoiding errors. Qur estimates of these parameters have several limitations. We estimated the
baseline rate of serious medication errors from two studies at a single large teaching hospital
(Brigham & Women’s Hospital in Boston).” Whether errors rates from this large academic
center can be safely generalized to other settings is uncertain. Because of the relatively complex
case-mix at such centers, some would argue that the baseline medication error rate might be
higher than the average rate at other hospitals. Alternatively, many teaching hospitals have a
reputation for excellence in faculty and house staff and could have lower than expected
medication error rates. To be conservative in our final estimates, we used the lower medication
error rate from the two studies by Bates et al. **

There is also uncertainty about the effectiveness of CPOE in averting serious medication errors,
which depends on both the characteristics of the software employed and each hospital’s
implementation skill. To be conservative in this analysis, we use the estimate that CPOE caused
a 55% error reduction rate from the original report by Bates et al., which assessed a 1994-95
CPOE system. However, the quality of decision support in current CPOE systems has no doubt
improved considerably, as evidenced by the follow-up study by the same group, which
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demonstrated an 88% error reduction rate. For this reason, this analysis likely underestimates the
number of serious medication errors that might be averted with full implementation of CPOE in
US hospitals.

In focusing on its ability to reduce serious medication errors, this analysis does not provide a full
accounting of the costs and benefits of CPOE. Costs are substantial and represent a significant
barrier to CPOE implementation at many hospitals. As summarized previously, costs associated
with implementing CPOE include system costs (establishing an appropriate information system
platform and acquiring and integrating the necessary software and end-user hardware) and costs
related to clinician time {content development, activation and training, and longitudinal
oversight).® The total cost of implementing at an individual hospital depends on numerous
variables and no doubt varies widely. Estimates of upfront costs vary from as low as $500,000 to
- almost $15 million per hospital. There is a similar spread between best- and worst-case scenarios
for longitudinal costs, from $200,000 to $2 million per year.

Acting to offset these costs are the potential savings from fewer medication errors and adverse
drug events, estimated to range between approximately $180,000 and $900,000 per year,
depending on hospital size.'® The potential of CPOE to reduce resource utilization in other ways
is likely a more important source of savings. These sources of savings include medication
substitution, reduced laboratory testing and imaging, increased use of clinical pathways, and
gains in clinician efficiency. Although these savings are difficult to quantify and likely vary
widely by l}g)spital, some hospitals that have implemented CPOE report annual savings exceeding
$5 million.

A full accounting of the potential benefits of CPOE would optimally consider patient outcomes
(such as mortality, injury and disability), not simply errors averted. Unfortunately, the likely
effects of CPOE on patient mortality and disability rates cannot be determined directly from the
literature. However, in the two studies by Bates et al,*” more than half of all serious medication
errors resulted in preventable adverse drug events. Approximately 20% of preventable adverse
drug events were considered “life threatening” upon ¢linical review, but no patient in the two
studies died as a direct result of a medication error. The two studies lacked sufficient sample size
to detect a small but clinically meaningful reduction in mortality rates with CPOE. Ultimately,
large, multi-center studies will be needed to better characterize relationships between medication
. errors and mortality, However, if only 1% of serious medication errors were fatal, we estimate
that nearly 6,000 deaths would be avoided every year by full implementation of CPOE across all
US hospitals.
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Figure 1: Calculating the number of serious medication errors avoided in the United States with
universal implementation of Leapfrog’s standard for computer physician order entry (CPOE).

Annual Admissions To Non-
Federal, Acute Care Hospitals
37,187,641

84% l

Annual Admissions To
Hospitals in Urban Areas
31,386,986

94% l

Annual Hospital Admissions at
Hospitals w/out CPOE
29,503,767

X mean
LOS

Annual Pt-Days at Hospitals
w/out CPOE
135,717,327

X 7.6 per
1000 days

Annual number of serious
medication errors
1,031,452

55%

Serious medication errors
avoided because of CPOE
567,298
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Table 1: Studies assessing the effectiveness of computer physician order entry (CPOE) in
reducing serious medication errors. A serious medication error is an error in the process of

ordering, dispensing, or administering a medication, that causes or has the potential to cause an
adverse drug event; it does not include intercepted potential ADEs. Both studies were conducted
at Brigham and Women’s Hospital, Boston, MA., 34

Study Participants

Rate of Serious
Medication Error
(per 1000 pt-days)

Before CPOE

After CPOE

Before After
CPOE CPOE

Relative Risk

Reduction

6 services chosen randomly
from 23 available medical,
surgical and intensive care
units (2491 admissions)

3 general medical services

" (379 admissions)

Same 6 services plus 2
chosen randomly from
same 23 available units

(2047 admissions)

Same 3 general medical
services (475 admissions)

10.7 4.9

7.6 1.1

55%

88%

5 111
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Table 2: Relationship of hospital bed-size and the implementation of CPOE in a national sample
of hospitals. Data are from the 2001 American Society of Health-System Pharmacists (ASHP)
survey of prescribing and transcribing.

Hospital Overall

Admissions Percentage of Hospital Admissions without
According to Bed-  Hospitals Without CPOE according to Leapfrog
Hospital Bed-Size Size Category* CPOE Standard**
Small Upto299 4,150,675 (11.2%) 98% 4,121,620
Medium 300t0 399 9,884,636 (26.6%) 90% 9,538,674
Large =400 23,152,330 (62.3%) 80% - 21,531,667
Total . 35,122,504 (94%)

*Data taken from 2001 version of the Nationwide Sample and national estimates calculated using
hospital sampling weights.

**Of hospitals that had CPOE, only 35% met the Leapfrog Standard of having more than 75% of
orders entered via CPOE.



Table 3: Inclusive review of studies assessing the effectiveness of computer physician order

entry on several different outcomes. The table was adapted from Kaushal et al. ®

Study Authors Description Patients Outcomes Findings
Observational study at 6,771 adult Serious 55% decrease in
tertiary care center inpatients on medication serious

Bates et al, . . .

4 comparing event rates  medical, errors and medication errors

1998 between units and surgical, and adverse drug
compared to historical  intensive care . events
controls wards
Observational study at 1,817 adult Medication 81% decrease in
tertiary care center inpatients on 3 errors and medication errors

Bates et al,
1999°

Chertow et al,
20017

Overhage et
al, 1997°

Teich et al,
2000°

comparing event rates
before and after

implementation of
CPOE

Randomized trial at a
tertiary care center of
CPOE with decision
support to adjust drug
dose and frequency
with renal insufficiency

Randomized trial at a
teaching hospital
assessing the impact of
CPOE reminders for -
corollary orders

Observational study at
tertiary center
comparing event rates
before and after CPOE
with decision support
aimed at five
prescribing practices

medical wards

7,490 adult
inpatients with
renal
insufficiency

2,181 adult
inpatients in a

general medical

ward

All adult
inpatients

adverse drug
events

Inappropriate
drug dose and
frequency

Omission of

corollary orders

(ie, drug levels
when ordering
gentamicin)

Changes in five

prescribing
practices

(ie, heparin for
patients with

bed-rest orders)

13% decrease in
inappropriate
dose and 24%
decrease in
inappropriate
frequency

25%
improvement in
corollary orders

Improvement in
all five
prescribing
practices

1t
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Figure 2: Sensitivity analysis demonstrating the effect of different assumptions about the

effectiveness of CPOE on the number of patients avoiding medication errors each year in the

United States.
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Evidence-Based Hospital Referral: High-Risk Surgery

Overview

The Leapfrog Group’s evidence-based hospital referral (EHRj standard for high-risk surgical
procedures has undergone significant change since our previous report (Table 1).

¢ Leapfrog updated the list of procedures. Leapfrog added pancreatic resection, for which
hospital volume has a dramatic effect on mortality. Given new evidence showing little
hospital volume effect for carotid endartectomy, Leapfrog removed it from the list. Coronary
artery bypass grafting (CABG), percutaneous coronary interventions (PCI), elective
abdominal aortic aneurysm (AAA) repair, and esophageal resection remain on the list.

¢ Incorporation of direct outcome measures. For CABG and PCI, hospitals must demonstrate
acceptable risk-adjusted mortality rates, as judged by approved state- or national-level
reporting systems, to satisfy the Leapfrog standards for EHR. Hospitals no longer receive full
“credit” based on volume criteria alone.

s Incorporation of process of care measures. For CABG, PCI, and elective AAA repair,
Leapfrog has incorporated process of care measures into its EHR standards. For these
procedures, both minimum volumes and compliance with target process measures are
included in the standard.

In our updated analysis, we estimate that implementation of EHR for these 5 surgical procedures
would save approximately 7,602 lives each year in the United States. The greatest number of
deaths would be prevented by appropriate referrals for coronary artery bypass grafting (4,089
deaths annually), followed by percutaneous coronary interventions {2,800) and elective AAA
repair (356). The potential benefit of EHR for these procedures is substantially greater than
estimated in our previous report, an increase largely attributable to augmenting the previous
volume standards with outcome and process measures. EHR would save 180 and 177 lives,
respectively, with esophageal resection and pancreatic resection.

Summary of Methods

We calculated the potential benefits of EHR assuming that all patients in the US underwent
surgery at a hospital that was fully compliant with the new Leapfrog EHR standards. To avoid
access issues and other unintended negative consequences in rural areas, The Leapfrog Group
restricts EHR implementation to urban areas. Since the standards differ for each procedure, the
methods for calculating potential lives saved vary by procedure and are described separately.
However, our general approach involved two steps. First, we estimated the population at-risk,
which includes all patients currently having surgery at hospitals not fully adherent to the Leapfrog
standards. Second, we incorporated information about the mortality reduction associated with
each volume, process, or outcome standard to estimate the potential lives saved.

For most of our analyses, we relied on primary data from the 2000 Nationwide Inpatient Sample
(NIS). The NIS is a 20% stratified sample of hospital discharges in the US and is maintained by
the Agency for Healthcare Research and Quality (AHRQ) as part of the Healthcare Cost and
Utilization Project (HCUP).! To ensure the representative nature of the database, the NIS is
stratified by geographical region, hospital bed size, teaching status, urban vs. rural location, and
hospital ownership.



We obtained estimates pertaining to volume and mortality using NIS data. Because information
on process variables is not available from the NIS, we obtained these parameters from the
literature. ‘

’

Results

Pancreatic Resection (Table 2). During the year 2000, there were 5,779 pancreatic resections
performed in the US. Based on data from the NIS, 95% of pancreatic resections are performed in
urban centers (Table 2).

The Leapfrog standard for pancreatic resection is based exclusively on minimum volume
standards (11+/yr). According to 2000 NIS data, 62% of pancreatic resections were performed at
hospitals not meeting this standard (Table 2).

In estimating mortality reductions likely to be achieved with EHR for pancreatic resection, we
relied on risk-adjusted mortality rates derived directly from the NIS. Using the updated volume
cut-offs, we calculated the adjusted rates of in-hospital death after adjusting for age, gender, race,
coexisting diseases, and urgency of admission. Adjusted mortality rates were substantially lower
at hospitals meeting the Leapfrog volume standard (5.0%) than at hospitals not meeting it
(10.3%) (Figure 1).

We estimate that 344 deaths occur each year with this procedure at hospitals not meeting the EHR
standard. Assuming the mortality rates observed at hospitals exceeding the standard, only 167
deaths would have occurred had these procedures been referred to higher volume hospitals. Thus,
full implementation of EHR for pancreatic resection would save 177 lives each year in the US
(Table 2).

Esophageal Resection (Table 3). As with pancreatic resection, the Leapfrog standard for
esophagectomy is based exclusively on minimum volume standards. Based on 2000 NIS data,
4,350 patients undergo this procedure each year in the US with 95% in urban centers (Table 3).

Approximately 74% (3,058) of patients currently undergo esophagectomy at centers performing
fewer than 13 per year. Adjusted mortality rates were markedly higher at such hospitals (11.1%)
than hospitals exceeding Leapfrog volume criteria (5.2%) (Figure 1). '

With these mortality rates, we would expect 339 deaths to occur without EHR and 159 deaths
with EHR (Table 3). Thus, with full implementation of EHR for esophageal resection, 180 lives
would be saved each year in the US (Table 3).

Abdominal Aortic Aneurysm Repair (Table 4). To comply fully with the Leapfrog standard for
elective AAA repair, hospitals must perform more than 50 procedures per year and demonstrate
at least 80% adherence to two process measures: beta-blockers in perioperative pericd and beta-
bleckers prescribed at discharge (Table 1). Based on 2000 NIS data, 41,667 patients underwent
AAA repair in the US with 95% in urban centers (Table 4). Patients with ruptured AAAs are
unstable and often need surgery at the hospital to which they first present. For this reason, the
Leapfrog EHR standards do not pertain to patients with ruptured AAAs. To estimate the number
of elective (non-ruptured) AAA repairs subject to EHR, we excluded patients that had a diagnosis
of ruptured aneurysm or those that underwent emergent repair (22% of total AAA repairs).

As derived from the NIS, 48% of patients currently undergo AAA repair at hospitals performing
fewer than 50 procedures per year. Adjusted mortality rates were significantly higher at such
hospitals (5.1%) than at hospitals exceeding Leapfrog volume criteria (3.8%) (Figure 1). Thus,
based on volume criteria alone, full implementation of EHR for AAA repair would potentially
save 247 lives each year in the US (Table 4).

We then assessed the number of lives potentially saved by increasing the use of perioperative
beta-blockers, a practice known to lower the risk of cardiac events and death after major vascular
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surgery. The proportion of patients currently receiving beta-blockers with this procedure is
unknown.” One large observational study found that only 30% of patients were receiving beta-
blockers.” Since better processes of care likely underlie observed volume-outcome effects with
AAA repair, we assumed that high volume hospitals would have a higher rate of beta-blocker use.
Thus, for this analysis, we assumed a baseline adherence of 50%. The Leapfrog standard requires
that at least 80% of patients receive the process of care in order for a hospital to be fully
compliant. As a result, an additional 30% of patients would experience the benefit of mortality
reductions associated with beta-blocker use. '

How large is the benefit associated with beta-blocker use? Several randomized trials on the
efficacy of beta-blockers in the perioperative period have demonstrated a 50% to 80% reduction
in short-term and long-term mortality rates. However, these trials focused only on patients at high
risk for cardiac events. > Thus, the benefit of perioperative beta-blockers for average-risk patients
having AAA repair is not known. One large observational study demonstrated a 70% risk
reduction in the combined endpoint of myocardial infarction and mortality, but did not provide
risk reductions for mortality alone.® To be conservative, we assumed a relative risk reduction of
50% for our calculations. We then applied this risk reduction to an additional 30% of patients
(50% baseline increased to 80%) undergoing surgery at high volume hospitals, yielding an
additional 109 lives saved. Thus, a total of 356 lives would be saved each year with Leapfrog’s
EHR standard for AAA repair (Table 4).

Coronary Artery Bypass Grafting (Table 5). Leapfrog’s updated EHR standards for coronary
artery bypass grafting (CABG) are based primarily on referral to hospitals with lower risk-

adjusted mortality rates. The process measures for CABG and PCI were not included in our
estimates since they are not necessary for full compliance. At present, only four states (NY, NJ,
PA, CA) have rigorous (e.g., audited) systems in place for assessing risk-adjusted mortality rates
and reporting them publicly. In these states, hospitals must be in the best performing quartile
(below the 25" percentile) of mortality rates to meet the Leapfrog EHR standard (Table 1). In
other states, hospitals must meet a minimum volume standard (>450 cases per year) AND
participate in the Society of Thoracic Surgeons (STS) database of risk-adjusted mortality AND
have a risk-adjusted mortality rate lower than the national average to comply fully with the
updated EHR standards (Table 1).

According to the 2000 NIS, 394,165 patients underwent CABG each year in the US with 97% in
urban centers (Table 5). Given that the criteria for full adherence to the Leapfrog EHR standards
differ according to the availability of public information on CABG outcomes, we present the
results for each analysis separately.

NY, NJ, P4, CA. Given that 26% of the US population resides in these 4 states,’ we
estimate that 99,005 CABG operations are performed each year in these 4 states (Table 5). We
determined mortality rates for each hospital in the NIS. We then divided hospitals into four
equally sized groups (quartiles) based on their mortality rates. The average mortality rates within
each quartile were 1.7% (1% quartile), 3.0% (2™ quartile), 4.0% (3" quartile), and 6.1% 4™
quartile). Collectively, hospitals in the last 3 quartiles (who cared for 78% of all patients) had an
average adjusted mortality rate of 4.1%.

In the status quo, we would expect 3,166 deaths at hospitals in the 2™ through 4" quartiles.
Assuming instead the mortality rate observed in 1" quartile hospitals, only 1,312 deaths would
occur. Thus, Leapfrog’s EHR standard for CABG would potentially avert 1,854 deaths in these
four states alone.

Other States. Since 74% of the US population resides outside these states, we estimate
that 281,785 CABG procedures occur in states without public reporting systems for cardiac
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surgery (Table 5). Based on data from the 2000 NIS, approximately 39% of patients undergo
CABG at hospitals that perform at least 450 cases per year AND have a mortality rate lower than
the national average. The overall mortality rate for these hospitals was 2.7%. The remaining 61%
of patients undergo CABG at hospitals not meeting the Leapfrog EHR standards, whose average
mortality rate is 4.0%. In the status quo, 6,876 deaths occurred in this latter group. Assuming
instead the 2.7% mortality observed in hospitals meeting the EHR standard, only 4,641 deaths
would have occurred. .

Thus, full implementation of the Leapfrog standards for CABG in these 46 states would save a
total of 2,235 lives each year in the US. Including our estimates from the 4 states with public
reporting systems, a total of 4,089 CABG deaths would be averted overall.

Percutaneous Coronary Interventlon (Table 5). The updated EHR standards for percutaneous
coronary intervention (PCI) are based on referral to hospitals that both meet minimum volume
standards and also have low risk-adjusted mortality rates. However, unlike CABG, no statewide
systems are currently in place for assessing risk-adjusted mortality rates for PCL Thus, to comply
fully with the EHR standard for PCI, hospitals must meet a minimum volume standard (>400
cases per year) AND participate in the American College of Cardiology (ACC) database of risk-
adjusted mortality AND have a risk-adjusted mortality rate lower than the national average (Table
1). According to the 2000 NIS, 678,296 patients undergo PCI each year in the US, with 96% in
urban centers (Table 5).

Based on data from the 2000 NIS, approximately 57% of patients undergo PCI at hospitals that
perform at least 400 cases per year AND have a mortality rate lower than the national average.
The overall mortality rate for these hospitals was 1.0%. The remaining 43% of patients undergo
PCI at hospitals not meeting the Leapfrog EHR standards, whose average mortality rate is 2.0%.
In the status quo, 5,600 deaths occurred in this latter group. Assuming instead the 1.0% mortality
observed in hospitals meeting the EHR standard, only 2,800 deaths would have occurred. Thus,
full implementation of the Leapfrog standards for PCI would save a total of 2,800 lives each year
in the US.

Summary of Results. Overall, we estimate that implementation of the new EHR standards for
these 5 surgical procedures would save approximately 7,602 lives each year in the United States.
The greatest number of deaths would be prevented with coronary artery bypass grafting (4,089
deaths annually), followed by percutaneous coronary interventions (2,800) and elective AAA
repair (356). Estimates of potential lives saved were smaller after surgery for esophageal
resection (180) and pancreatic resection (177) in part because these high-risk procedures occur
less frequently.

Cautions and policy considerations

The addition of process and outcomes measures to the previous volume standards has
significantly increased the potential benefits of full implementation of EHR across the US, In this
analysis, we estimate that 7,602 lives could be saved with EHR, compared to 2,581 in our
previous analysis of the volume-only standards. The majority of the increase can be attributed to
more precise classification of high quality centers using risk-adjusted mortality for CABG and
PCI, by far the two most common procedures. The use of one process measure—perioperative
beta-blockers—also substantially increased the benefits of EHR for elective AAA repair.

QOur estimates depend on several estimated parameters and significant assumptions. In assessing
procedure-specific volume-outcome relationships, we used point estimates derived directly from
a recent version of the NIS, a nationally representative sample of hospitals in the United States.
The magnitude of volume-outcome effects used in this analysis were generally consistent with
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those used in our previous report, which were derived from the “single best” study in the
literature for each procedure, as defined by Dudley et al.” Further, estimates herein of volume-
related mortality reductions are similar in magnitude to those in our more comprehensive analysis
based on the national Medicare population.®

When considering the effect of selective referral to hospitals based on volume standards it is also
important to consider the distinction between hospital and surgeon volume. Recent evidence has
emerged exploring the contribution of individual surgeon experience to the relationship of
hospital volume and mortality.” For some operations, such as carotid endarterectomy, surgeon
volume accounted for a large proportion of the apparent hospital volume effect. However, the
importance of surgeon volume varied according to the procedure. The Leapfrog EHR standard
currently does not address the importance of surgeon volume. Future updates will fikely
incorporate individual surgeon volume standards into the criteria.

For clective AAA repair, our estimates of the potential benefits of EHR depend on assumptions
about the effectiveness of perioperative beta-blockers. As described in one recent literature
synthesis, there is little doubt that this practice is associated with reduced perioperative mortality,
which may persist to at least one year postoperatively.”* However, the magnitude of the effect is
somewhat uncertain. The clinical trials focus on different populations with varying baseline risk.
Our estimates of lives saved by this EHR standard also require assumptions about the current
prevalence of this practice and to what extent it could be increased, both of which are uncertain.

For CABG and PCI, the potential benefits of EHR depend on the reliability of risk-adjusted
mortality rates. No matter how rigorously they are assessed and risk-adjusted, estimates of a
hospital’s mortality rate will always be somewhat imprecise, particularly when baseline event
rates are low. The net effect is that a high proportion of hospitals just above or below a given
mortality standard will have confidence intervals that overlap the standard. Stated a different way,
chance dictates that some hospitals with mortality rates below the standard will actually have a
worse true mortality rate than some hospitals above it. Our analysis does not adequately deal with
this issue—it assumes that measured mortality rates perfectly reflect performance. Thus, we have
to some degree overestimated the lives likely to be saved by EHR for CABG and PCL

Our estimates also raise a basic practical consideration: Is full implementation of EHR
realistically feasible? For some procedures, the answer is yes. When hospitals in rural areas are
excluded, all or most patients undergoing pancreatic resection or esophagectomy could be
referred to hospitals meeting Leapfrog volume standards without imposing unreasonable travel
burdens on patients.'® These operations are also uncommon enough that EHR would not imply
redistribution of large numbers of patients creating capacity problems at high volume hospitals.
For elective AAA repair, there is little doubt that hospitals sufficiently motivated could increase
the proportion of patients receiving perioperative beta-blockers. In contrast, the feasibility of full
implementation of CABG and PCI is doubtful. Even if rigorous information about risk adjusted
mortality rates were available for all hospitals, it would not be practical to move all patients to the
25% of hospitals with the best results. This would involve referral of hundreds of thousands of
patients and present obvious capacity issues at receiving centers.

For this reason, incentives created by The Leapfrog Group for hospitals to measure and report
their outcomes should be viewed in an additional context: quality improvement. Previous efforts
in cardiac surgery and in the Department of Veterans Affairs suggest that the basic act of
outcomes measurement and feedback of performance data to providers can result in dramatic
reductions in surgical morbidity and mortality rates.'""!? For some procedures, outcomes may be
best improved by efforts aimed simply at getting patients to the best hospitals. For other
procedures, however, it is important not to overlook the value of incentives that will stimulate
improvement of quality at all hospitals.
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Table 1: Criteria for Full Adherence to the 2003 Leapfrog EHR Safety Standards.

Volume Standard

Procedure Process QOutcomes
Measures Measures
Pancre'atlc T/yr None None
Resection
Esophggeal 13/yr None None
Resection
AAA Repair 50/yr Perioperative beta- - None
blockers
Beta-blockers prescribed
at discharge
Coronary Artery
Bypass Grafting
NY, NJ, PA, None (beta-blockers, use of Must be in the lowest
CA* IMA, aspirin, lipid quartile of mortality rates in
lowering therapy and the state
carly extubation when
appropriate)**
~Other States 450/yr (beta-blockers, use of Must participate in STS
IMA, aspirin, lipid database AND have
lowering therapy and mortality rate below the
early extubation when national average
appropriate)**
Percutaneous 400/yr (Aspirin on discharge, Must participate in ACC
Coronary intervention within 90 database AND have
Intervention minutes for AMI)** mortality rate below the

national average

*NY, NJ, PA, CA have prospective outcomes registries for coronary artery bypass grafting and
percutaneous coronary interventions.
**Used in partial credit algorithms for hospitals not meeting the criteria for full adherence to the
Leapfrog EHR standards.
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Figure 1: Adjusted mortality rates at hospitals above and below Leapfrog volume criteria.
Analysis based on data from the Nationwide Inpatient Sample (2000). Mortality rates are adjusted
for age, gender, race, admission acuity, and coexisting diseases. The differences between high
and low volume hospitals are statistically significant (P<.05) for all five procedures.
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Table 2: Number of lives potentially saved by implementation of EHR for pancreatic resection.

Pancreatic Resection

Annual

Inputs and Assumptions ' Number
Number of annual cases in US hospitals 2000 NIS ' 5,779
Number in urban hospitals 96% in urban setting (2000 NIS) 5,548
Patients at low volume hospitals (LVHs)  62% of patients (2000 NIS) 3,340
(population at-risk) ' .
Expected deaths without EHR 10.3% (mortality rate at LVHs) of 3,340 344
Expected deaths with EHR 5.0% (mortality rate at HVHs) of 3,340 167
Lives saved by EHR 177
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Table 3: Number of lives potentially saved by implementation of EHR for esophageal resection.

Esophageal Resection

: Annual
Inputs and Assumptions Number
Number of annual cases in US hospitals 2000 NIS 4,350
Number in urban hospitals 95% in urban setting (2000 NIS) 4,132
Patients at low volume hospitals (LVHs) 74% of patients (2000 NIS) 3,058
{population at-risk)
Expected deaths without EHR 11.1% (mortality rate at LVHs) of 3,058 339
Expected deaths with EHR 5.2% (mortality rate at HVHs) of 3,058 159
Lives saved by EHR 180
2
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Table 4: Number of lives potentially saved by implementation of EHR for abdominal aortic

aneurysm repair.

Abdominal Aortic Aneurysm Repair

* Annual

Inputs and Assumptions Number
Number of annual cases in US hospitals 2000 NIS 41,667
Number in urban hospitals 95% in urban setting {2000 NIS) 39,586
Patients at low volume hospitals (LVH) 48% in LVHs (2000 NIS) 19,001
(population at-risk)
Expected deaths without EHR 5.1% (mortality at LVHs) of 19,001 969
Expected deaths with implementation of  3.8% (mortality at HVHs) of 19,001 722
volume standard
Expected deaths after implementation of 30% of patients experience additional 613
beta-blocker standard 50% relative mortality reduction
Lives saved by volume standards 247
Lives saved from beta-blockers 109
Total lives saved with EHR 356
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Table §5: Number of lives potentially saved by implementation of EHR for coronary artery bypass

grafting surgery.

Coronary Artery Bypass Surgery

Annual
Inputs and Assumptions Number
Number of cases in US hospitals 2000 NIS 394,165
Number in urban hospitals 97% in urban setting (2000 NIS) 380,790
NI, NY, PA, CA
Number of cases in these states 26% of US population (US census data) 99,005
Number of cases at hospitals with ~ 78% of patients (2000 NIS) 77,224
mortality > 25" percentile
Expected deaths without EHR 4.1% (mortality rate at all hospitals above 25" 3,166
percentile) of 77,224
Expected deaths with EHR 1.7% (mortality, rate at hospitals below 25™ 1,312
percentile) of 77,224
Lives saved by EHR 1,854
Other States
Number of cases in other states 74% of US population (US census data) 281,785
Number of cases at hospitals not 61% of patients (2000 NIS) 171, 889
meeting EHR standards* '
Expected deaths without EHR 4.0% (mortality rate at hospitals not meeting 6,876
EHR standard) of 171, 889
Expected deaths with EHR 2.7% (mortality rate at hospitals meeting EHR 4,641
' standard) of 171, 889
Lives saved by EHR 6,876 (deaths without EHR) x 0.33 (RRR) = 2,235
Total lives saved with EHR 4,089

*Hospitals must meet the volume threshold (>450 cases/year) and have mortality rates

lower than the national average:



Fable 6: Number of lives potentially saved by implementation of EHR for percutaneous coronary
interventions.

Percutaneous Coronary Interventions

Annual
Inputs and Assumptions Number
Number of cases in US hospitals 2000 NIS 678,296
Number in urban hospitals 96% in urban setting (2000 NIS) 651,164
Number of cases at hospitals that 43% of patients (2000 NIS) | 280,000
dor’t meet EHR standards*
Expected deaths without EHR 2.0% (mortality rate at hospitals not meeting 5,600
EHR standard) of 207,201
Expected deaths with EHR 1.0% (mortality rate at hospitals meeting EHR 2,800
standard) of 207,201
Lives saved by EHR 2,800

*Hospitals must meet the volume threshold (>400 cases/year) and have mortality rates
lower than the national average.
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Evidence-Based Hospital Referral: High-Risk Neonatal Intensive Care

Overview

The Leapfrog evidence-based hospital referral (EHR) standard for neonatal intensive care requires
that high-risk deliveries be managed in neonatal ICUs (NICUs) with average daily census levels of 15
or more. Neonatal EHR applies to infants with very low birth weights (less than 1500g), infants
delivered at gestational age less than 32 weeks and those with a pre-natal diagnosis of major
congenital anomalies. Leapfrog’s standards now requires adherence to a process of care measure for
full compliance: the administration of antenatal steroids to mothers of eligible infants (Table 1).

We estimate that full implementation of EHR nationwide for high-risk neonatal intensive care would
save approximately 3,606 lives each year in the US. Very low birth weight and/or very premature
infants comprise the majority of lives saved (3,055 lives). Infants with major congenital anomalies
comprise the remainder (551 lives) of lives saved. Within the former group, the increased use of
antenatal steroids (405 lives) contributes significantly to the total number of lives saved.

Methods and Results

The number of lives potentially saved by full implementation of EHR for high-risk deliveries was
calculated by first determining the number of deliveries (population at-risk) potentially affected by
the policy. We then estimated baseline mortality risks for the high-risk groups and the potential
mortality reductions associated with selective referral and use of antenatal steroids. According to the
nationa! birth report for 2001, there were 4,025,933 live births in the US. The high-risk infants -
included in the Leapfrog EHR standard are considered as two separate groups: 1) infants with major
congenital anomalies and 2) very low birth weight (VLBW) and/or very premature infants. The
number of lives saved with EHR for high-risk neonatal care was estimated for each group separately.

Infants with Congenital Anomalies (Table 2). The combined incidence of the congenital anomalies
targeted by The Leapfrog Group is 1.6% (64,415 births) of live births each year in the US.?

- According to the Nationwide Inpatient Sample (NIS) for 2000, 87% of all births occur in urban
hospitals. Based on data from the state of California, 82 percent of births involving major congenital
anomalies occurred in non-regional (level 1, II, or II+) NICUs or in regional NICUs with average
daily census rates below 15.2

Since 60% of deliveries involving major congenital anomalies are not detected by prenatal
ultrasound®*, all of the births currently occurring in other settings would not be eligible for transfer to
large regional NICUs prior to delivery. Thus, we assumed that only 40% of such deliveries could be
moved to large regional NICUs (Table 2).

Qur estimates of the efficacy of evidence-based hospital referral rely on one study examining o
mortality rates for high-risk deliveries in high volume and low volume NICUs.® The adjusted odds
ratio of death at regional NICUs with an average daily census of 15 or more compared to all other
facilities was approximately 0.67. Because the study did not present stratified results, we assumed the
same relative benefit for the two high-risk subgroups.?

The mortality rate (within the first 28 days of life or first year of life if continuously hospitalized) for
infants with congenital anomalies was 9.25%.° We determined mortality rates at non-regional NICUs
(9.8%) and regional NICUs with average daily census of 15 or more (6.8%) based on the overall
mortality rates and the mortality reduction associated with EHR as previously described. ? Full
implementation of EHR for infants with prenatal diagnosis of a major congenital anomaly would
result in 551 lives saved each year in the US (Table 2).
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Very Low Birth Weight and/or Very Premature Infants (Table 3}. There is considerable overlap in the
occurrence of VLBW and very preterm births. The incidence of very low birth weight (<1500g) and

very premature infants (<32 weeks gestation) as determined from the 2001 National Birth Report

were 1.44% (57,973 births) and 1.95% (78,506 births), respectively.! There is, of course, substantial

_overlap between these two groups. Based on stratified data from the National Birth Report', we
estimated that 2.23% of live births have at least one of the two conditions.

Approximately 74 percent of births of VLBW and/or very premature infants occurred in NICUs with
an average daily census rates below 15.2 Most mothers experiencing premature labor will present to
the nearest hospital or facility at which they have received prenatal care. Some with particularly
advanced or precipitous labor will not be appropriate candidates for transfer for safety reasons. As in
our previous report’, we assumed that 10% of such women would not bé appropriate for transfer
(Table 1).

The mortality rate for VLBW and/or very premature infants, based on data from the state of
California, was 16.8%.% We estimated mortality rates at non-regional NICUs (18.1%) and regional
NICUs with average daily census of 15 or more (13.0%) based on the overall mortality rates and the
mortality reduction associated with this volume-based EHR standard, as previously described (Table
2).? Full implementation of the standard for VLBW and/or very premature infants would result in
2,650 lives saved each year in the US (Table 2).

Adherence to antenatal steroids (Table 3). The Leapfrog EHR standard includes adherence to a new
process measure for appropriate infants (Table 1). All mothers delivering between 24 and 33 6/7
weeks of gestational age should receive at least one dose of antenatal steroids.

Several randomized clinical trials have shown significant reductions in mortality among premature
infants receiving antenatal steroids. A meta-analysis of 15 trials demonstrated an average mortality
reduction of 40% when combined across trials.” For our calculations, the population at-risk is VLBW
infants not currently receiving antenatal steroids. Recent data from the Vermont Oxford Network of
NICUs demonstrated that 75% of VLBW infants received antenatal steroids.” Since predominantly
large NICUs participate in this network, we apptlied this baseline rate of steroid use to NICUs meeting
the volume-based EHR standard. '

For our calculations, we assumed that the rate of adherence could be increased from 75% to 90% (not
100%). We made this conservative assumption for the following two reasons: 1) eligibility criteria for
the volume-based standards and process measures are similar but not identical and 2) some infants
may not be eligible for the process measures for other reasons. Thus, we assumed that an additional
15% of infants would be receiving antenatal steroids. Given a further mortality reduction of 40%
among the 15% of infants, we estimate an additional 405 lives saved each year (Table 3).

Cautions and policy considerations

Estimates of the potential benefits of EHR for high-risk deliveries should be viewed cautiously.
Compared to the evidence underlying other Leapfrog safety standards, research examining the

- variation in mortality rates across NICUs is relatively scant. By necessity, our analysis relied
primarily on a single study based on California hospital discharge data.’ Thus, it is important to
consider the external validity of this study with regards to both the distribution of high-risk deliveries
and the potential efficacy of volume-based hospital referral.

The calculation of lives saved due to use of antenatal steroids required several assumptions.
Eligibility criteria for volume-based referral and antenatal steroids are similar but not identical.
Because we could not determine the size of eligible population more precisely, we made conservative
assumptions about the proportion of infants eligible. Despite the uncertainty in these assumptions,
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however, our results suggest that a modest increase in the use of antenatal steroids will substantially
increase the potential benefits of EHR.

Mechanisms underlying relationships between volume and outcome with neonatal intensive care are
largely unknown. Mechanisms no doubt include greater utilization of specific processes of care (such
as use of antenatal steroids) at higher volume centers. In our analysis, however, we assumed
independent effects of volume-based referral and the greater adherence to the process measure. To the
extent that the two may be related, however, our estimates may reflect some degree of “double-
counting” in determining lives saved.

Although current evidence suggests that the Leapfrog EHR standards for NICU care could save many
lives, further research on the epidemiology of high-risk deliveries and the efficacy of referral to
higher volume NICUs is warranted. Studies should also strive to understand how differences in
processes of care contribute to observed variation in mortality rates across neonatal [CUs.
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Table 1: Criteria for full adherence to the 2003 Leapfrog EHR Safety Standards for high-risk

neonatal intensive care.

Condition _ Volume Standard Process Measures
Major congenital anomalies Neonata!l ICU with
. None
average daily census >15
Very lo_w birth weight Neonatql ICU with Antenatal steroids*
(<1500¢g) and/or very average daily census >15

premature (<32 weeks)

~ *Infants born between 24 and 33 6/7 weeks are eligible.
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Table 2: Number of lives potentially saved by implementation of EHR for infants with
congenital anomalies.

Infants with Congenital Anomalies

Annual
-Inputs and Assumptions Number
Deliveries in US hospitals with congenital ~ 1.6% of live births (CA state data) 64,415
anomalies
Number in urban hospitals 87% in urban setting (2000 NIS) 56,041
Deliveries in urban hospitals that don’t 82% (CA state data) 45,954
meet Leapfrog Standards ‘
Deliveries eligible for referral to NICU 40% (detected on prenatal ultrasound) 18,382
with average daily census of 15 or more
Expected deaths without referral 9.8% (mortality rate before EHR) 1,801
Expected deé.ths with referral 6.8% (mortality rate after EHR) 1,250
Lives saved by EHR 551
31



Table 3: Number of lives potentially saved by implementation of EHR for very low birth weight

and/or very premature infants.

Very Low Birth Weight and/or Very Premature Infants

“Annual

Inputs and Assumptions Number
Deliveries in US hospitals 2.23% (National birth report) 89,681
Number in urban hospitals 87% in urban setting (2000 NIS) 78,022
Deliveries in urban hospitals that don’t 74% (CA state data) 57,737
meet Leapfrog Standards '
Deliveries eligible for referral to NICU 90% (based on “clinical grounds™) 51,963
with average daily census of 15 or more
Expected deaths without volume-based  18.1% (mortality rate before EHR) 9,405
referral
Expected deaths with volume-based 13.0% (mortality rate after EHR) 6,755
referral :
Expected deaths after implementation of  15% of patients experience additional 6,350
antenatal steroids standard 40% relative mortality reduction
Lives saved by volun_ne standards- 2,650
Lives saved from antenatal steroids 405
Total lives saved 3,055
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ICU Physician Staffing

Overview

The Leapfrog Group’s IPS safety standard requires that physicians with specialized experience in
critical care medicine manage or co-manage patients in the ICU. These physicians, called
intensivists, must be present in the ICU during daytime hours and provide clinical care
exclusively in the ICU. At other times (at least 95% of the time), they should be able to return
pages within 5 minutes or arrange for on-site physicians or physician extenders who can reach
ICU patients within 5 minutes.

Updates since the publication of our previous report account for changes in the IPS Standard
itself and publication of data on the efficacy of IPS from a structured literature review. A national
advisory panel recently met to update the IPS Standard resulting in an expansion of the initiative
to include pediatric ICUs. Thus, the current report includes estimates of potential lives saved for
both adult and pediatric ICUs.

In our updated baseline analysis, we estimate that full implementation of IPS would save
approximately 54,134 lives each year in the US. The effectiveness of IPS is due to the large
number of deaths that occur in the ICU each year (over 200,000). Given the magnitude of the
population at risk, even small improvements in ICU mortality rates save many lives. Although
our analysis is based on the best data currently available, many of the variables used in our
calculations cannot be estimated precisely. In instances of uncertainty, we selected values that
biased our calculations downward. Thus, we believe our estimate of the number of lives likely to
be saved by IPS is conservative. In following sections, we describe the methods and assumptions
we used in our analysis. _ '

Methods and Assumptions

The general strategy used to calculate the number of lives saved by full implementation of
intensivist model ICUs is shown in Figure 1. The first step was determining the adult and
pediatric populations at risk. Next, the baseline in-hospital mortality risks for each population and
the potential mortality reductions associated with implementing intensivist model ICUs were
estimated.

Current number of ICU admissions. To estimate the number of patients that could potentially
benefit from the policy initiative we determined the number of patients admitted each year to
non-intensivist ICUs (Figure 1). We could not directly determine the overall number of patients
admitted to ICUs in the United States. Therefore, we determined ICU utilization rates for one
state (Maryland) and extrapolated to the entire US. This method is different from that used in our
previous report, which was based on the Medicare population and may have been an overestimate
since the data include admissions to the postoperative recovery unit.

The total number of adult hospitalizations (18 or more years old) and children (<18 years) in the
US were determined using weighted estimates from the Nationwide Inpatient Sample.” To avoid
problems with health care access in rural areas, the Leapfrog Group is restricting the IPS
Standard, along with the other safety initiatives, to metropolitan areas. In the Nationwide
Inpatient Sample in 2001, 84% of patients were admitted to hospitals in urban areas.” The
Maryland state data from 2002 revealed that 2.7% of children and 7.2% of adults were admitted
to the ICU. Based on these calculations, we assumed in our analysis that 1,864,664 adults and
144,118 children are admitted to urban ICUs each year in the US.
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The current proportion of ICUs in the US with intensivist models is unknown, but is thought to be
low. In a 1991 national survey, only 22% of hospitals indicated that ICU order writing was
restricted to unit staff (i.c., a “closed unit™).” In a follow-up survey, the same group reported that
17% of ICUs had closed units with respect to order writing. Neither study described the
proportion of closed units in which all ICU staff were board-certified (or -eligible) in critical care
medicine, or met other Leapfrog criteria. In the hospital survey (~60% response rate) conducted
by the Leapfrog group, 21.4% (110 of 515) of hospitals in rollout areas responded that they fully
meet the IPS standard.” In our baseline analysis, we assumed that 21% of all adult ICU patients
are currently treated in ICUs meeting the Leapfrog standard. This assumption is likely an
overestimate given that hospitals with IPS already in place are more likely to respond to the
Leapfrog’s survey.

In contrast to adults in ICUs, the pediatric population is more likely to be covered by a critical
care specialist. In a national survey conducted in 1993 by Pollack et al, 201 of 301 hospitals with
pediatrics ICUs responded and 48.5% of hospitals stated that they had a dedicated ICU physician
available 24 hours per day.®

Current ICU Mortality. We estimated average in-hospital mortality rates for both adult and
pediatric ICU patients from large cohort studies specific to each population. For adults,
Zimmerman et al.” noted an overall 12.4% in-hospital mortality rate in 38,000 patients admitted to
161 hospitals between 1993 and 1996. In another study of adults by Shortell et al., in-hospital
mortality for 17,000 patients at 42 randomly selected ICUs was 16.6% between 1988 and 19902
In our baseline analysis, we selected 12% since it is the lower, more conservative of these two
estimates. For pediatric ICUs the overall mortality is lower on average and was approximately
5% in two large cohort studies.>'®

Mortality reductions with implementing the intensivist model. Several previous studies have
evaluated the effectiveness of higher intensity staffing models in reducing ICU mortality. In our
previous report, we used the estimate from the single study showing the lowest efficacy, which
showed a 15% relative mortality reduction. Using this low-end assumption regarding
effectiveness provided a conservative estimate of the number of potentially averted deaths.

Since our last report on the benefits of universal adoption, high quality information synthesizing
the previous evidence has become available. In a recent systematic review by Pronovost and
colleagues, the mortality reduction for all studies combined was estimated and was found to be
higher than the conservative estimate we used for the previous analysis.'

Pronovost’s structured review found that 16 of 17 (94%) studies demonstrated a reduction in
hospital mortality (Figure 2). "' The weighted relative risk for in-hospital mortality with high
intensity vs. low intensity IPS was 0.71 (95% CI, 0.62 to 0.82) (Figure 2). This combined
estimate of a 30% risk reduction was used in our baseline analysis. The systematic review also
estimated a 40% reduction in ICU mortality for studies that included this endpoint. In our
analysis, we used the lower (more conservative) estimate of efficacy based on the overall hospital
mortality analysis.

Two studies in the systematic review included pediatric patients and these both demonstrated
larger mortality reductions than the combined estimate. Only one of these used in-hospital
mortality as an endpoint yielding a relative risk reduction of 47%. To avoid an unstable estimate,
the more conservative overall estimate of a 30% reduction was applied to the pediatric population
as well (Figure 1).
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Results

In our baseline analysis, we estimate that full implementation of intensivist model staffing would
save approximately 54,134 lives (1,102 children and 53,031 adults) each year in the US (Figure
1). As expected, for both the adult and pediatric population, the number of lives saved varies
according to assumptions about the effectiveness of intensivist model staffing (Figure 3 and
Figure 4). For example, assuming a 10% relative mortality reduction, 18,000 adult lives would be
saved with universal adoption of the IPS standard. In contrast, assuming a 50% mortality
reduction would estimate over 90,000 adult lives saved.

Cautions and policy considerations

Given the large number of deaths that occur in ICUs each year in the United States (more than
200,000), even small reductions in [CU mortality rates would save many lives. Based on our
updated analysis, if the Leapfrog initiative is successful in effecting full implementation of
intensivist model ICU staffing in metropolitan areas nationwide, we estimate that approximately
53,031 adult’s lives and 1,102 children’s lives could be saved each year in the US. Despite
changes in our assumptions regarding the effectiveness of IPS, the number of potential lives
saved is similar to the estimate from our previous report. The smaller population at-risk in the
current report offset the larger mortality reduction associated with IPS used in the baseline
analysis. :

The estimate of the effectiveness of IPS from the structured literature review is only as accurate
as the original studies, which have several shortcomings in methodology that should be
considered. First, many of them use historical controls and are limited by secular trend bias, with
the mortality falling at those hospitals for reasons other than implementation of intensivist model
staffing. The hospitals in these studies may have changed other aspects of care not directly related
to physician staffing changes. Although there is no evidence that [CU mortality rates are
declining, mortality rates with many clinical conditions are improving over time with advances in
science and technology. However, given the magnitude of decline in mortality seen in many of
these studies, it is very unlikely that improvements can be attributed to secular trend bias alone.

Second, estimates from studies with cross-sectional designs may suffer from imperfect risk-
adjustment. Thus, their results may be partially confounded by unmeasured differences in
characteristics of both patients and providers between contro! and intensivist model groups. For
instance, few studies used physiologic data for risk adjustment, which is important given the
severity of illness in the critically ill population. Also, hospitals with and without IPS may differ
in other important areas such as availability of technology, nurse staffing, and hospital caseload.
Third, most of these studies are from single hospitals or, at the most, limited geographic areas,
and caution is required in generalizing these results to the entire US. Finally, there was substantial
heterogeneity in the amount of intensivist involvement across the original studies. Some studies
involved simply adding co-management by a single intensivist to a system primarily run by non-
ICU based physicians; others described extensive changes in staff organization, including
complete replacement of ward-based teams by intensivists and ICU-based house staff. It is
important to note, however, that the Leapfrog IPS standard falls on the latter, “stricter” side of the
spectrum, and thus is likely to be more efficacious.

Although the potential benefits are large, several barriers must be overcome to realize full
implementation of intensivist model ICU staffing. Although workforce issues have not been
studied carefully, it is unlikely that there are currently enough board-certified intensivists to staff
ICUs fully at all hospitals.?* In hospitals with small units, meeting the Leapfrog standard may
increase net cost per stay. For these reasons, broad implementation of intensivist model ICU
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staffing may require a blend of increased fellowship training slots in critical care, consolidation of
small ICUs, and advances in telemedicine.

Many would argue that lives saved by intensivist modet ICU staffing are not equivalent to lives
saved by other public health interventions (e.g. seat belt laws). ICU patients often have
substantial limitations in functional status and shortened life expectancies compared to the
general population. For this reason, further research should consider how improvements in ICU
care affect quality of life after hospital discharge and long-term survival.

Another significant barrier to full implementation of IPS is the expense of hiring additional
staffing at each hospital. Salaries for intensivists, nurse practitioners, and physician assistants will
result in large expenditures for hospitals. These costs, however, will be offset by savings from
reductions in inappropriate ICU admissions, shortened ICU and hospital length of stay, and lower
complication rates. Further, given the more than 50,000 lives saved from IPS, conservative
estimates of life expectancy yield a potential savings of $5.3 billion dollars from a societal
perspective.”’

Despite these considerations, given the large number of ICU deaths in the US each year, it is
evident that universal implementation of the Leapfrog Group’s IPS Standard will save a large
number of lives. Our analysis demonstrates that the majority of the avoided deaths are in the adult
popuiation but many lives will also be saved each year in pediatric ICUs. Future research should
determine strategies to overcome barriers to the widespread implementation of intensivist
management of ICUs.
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Table 1. Studies included in the systematic review of ICU physician staffing. The table has been

modified from Pronovost et al.!

ICUs
Source Population Study Design Studied

Liet al, 1984"' Medical or surgical Cohort with historical 1
controls

Reynolds et al, 1988" Medical (sepsis) Cohort with historical 1
controls

Brown et al, 1989" Medical or surgical Cohort with historical 1
controls

Multz et al retrospective, Medical Cohort with historical 1

1998" controls

Multz et al prospective, Medical Cohort with historical 2

1998 controls

Manthous et al, 199715 Medical Cohort with historical 1
controls :

Carson et al, 1996’ Medical Cohort with historical 1
controls

Hanson et al, 1999" Surgical Cohort with 1

: concurrent controls

Pronovost et al, 1999' Surgical (AAA repair) Cross-sectional 39

Dimick et al, 2001" Surgical (esophagectomy) - Cross-sectional 35

Dimick et al, 2002 Surgical (hepatectomy) Cross-sectional 32

Baldock et al, 20017 Medical or surgical Cohort with historical 1
controls

Rosenfeld et al, 2000* Surgical Cohort with historical 1
controds

Blunt et al, 2000” Medical Cohort with historical 1
controls

-39
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Figure 1: Number of lives that would be saved each year by full implementation ICU physician
staffing (IPS) nationwide. '
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Figure 2: Mortality for high intensity vs. low intensity ICU physician Staffing. The figure has

been modified from Pronovost et al.’
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Figure 3: Sensitivity analysis demonstrating the effect of different assumptions about the
effectiveness of IPS on the number of adult lives saved each year in the US.

Annual Lives Saved (1000s)

Figure 4: Sensitivity analysis demonstrating the effect of different assumptions about the
effectiveness of IPS on the number of children’s lives saved each year in the US.
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- How might America’s hospitals seize the
present opportunity for saving lives and
“costs in the Intensive Care Unit (ICU)? Jim

- Collins, in his book From Good fto Great,

provides some insights. For 15 years,

Collins examined organizations that were
average performers and then began to

perform at extraordinary levels, seeking

 to identify factors that predicted success.
* One factor he identified could be illustrat-

ed by the hedgehog concept, based on the

- story of the fox and the hedgehog bor-
- rowed from an essay by Isaiah Berlin.

The fox is a clever, cunning animal
that is kinetic and has a volatile strateglc
_ plan. The hedgehog is slow, methodolog-
~ ical, almost homely. Although the fox
tries to attack the hedgehog, the fox
~ always goes away hungry. The hedgehog
always wins because it has the ability to
- transform a complex world into a simple
unifying concept and to steadfastly
- adhere to that concept: roll into a ball and
stick your spikes out.

Collins recognized that great organi-
zations and great individuals have a sim-
ilar ability to transform a complex world
into a simple unifying concept and then

use that concept to govern all of their
- behavior. For Microsoft, it’s software; for
Starbucks, it's coffee; and for Einstein, it's
relativity. For something to be a hedge-
hog concept, it must be (a) important, (b)

something you can be great at, and (¢)

something you are passionate about.

A CRITICAL SETTING

For us in health care, I believe our hedge-
hog concept should be quality and safety

of patient care. Care in the ICU, which is

the most intensive, demanding, and cost-

BY PETER ).

ly enterprise in today's hospitals, meets
all three requirements for safety and
quality to be its hedgehog concept.

Flrst, itis lmportant, with over five mil-
lion paﬁents admitted annually to U.S.
ICUs. Ten percent of them die during their

hospitalizations, and nearly all suffer pre-

ventable adverse events. ICU care accounts
for approximately 30 percent of acute hos-
pital costs, or $180 billion annually.
Second, if we apply the available evi-
dence, we can become great at ICU care.
Currently, about 90 percent of U.S. hospi-

tals fail to meet the physician staffing
standards for ICUs that have been demon-

strated to achieve the most positive and

cost-effective outcomes. If those stan-

dards were implemented in all non-rural
hospitals, it would prevent 54,000 deaths
and save $5.4 billion annually.

THE DOCTOR-LED
INTENSIVE CARE TEAM

' The standards center around an intensivist

physician-led, multi-professional ICU
team; the same team that the Society of
Critical Care Medicine (SCCM) has ad-
vocated for more than 30 years and that
recent evidence shows achieves improved
outcomes. SCCM has long recognized that

_to provide high quality care to critically

ill patients, ICUs must successfully inte-
grate the skills of physicians, nurses,
pharmacists, respiratory therapists, and
nutritionists, and other professionals.
SCCM also recognized, and the data now
support, that intensivists need to be pre-
sent in the ICU providing timely care.
Intensivists are physicians who spe-
cialize in the care of critically ill patients.

PRONOVOST, M.D., PH.D.

They have completed a rcsidex;cy in anes-
thesiology, medicine, pediatrics, or sur-
gery followed by a fellowship in crihcal
care. Many intensivists have also complet-

: ed a fellowshlp in pulmonary medicine.
- My own research, as well as that of others.
demonstrates that employing intensivists

in the ICU reduces mortality and length

- of stay up to 30 percent, mainly because

of their specialized skills in managing crit-

~ ically ill patients and their continuous

presence on the unit to manage these
medlca]}y volatile, profoundly ill patlents
Yet most hospitals in the United States
do not employ intensivists. In contrast,
most hospitals in Europe and Australia do
employ intensivists.

Intensive care is a _relativeiy new jﬁel_d.
and we are still learning how best to orga-
nize ICU management. That may mean a
closed unit where the intensivist takes
over primary medical management
responsibility during the patient's ICU
stay, or it may be more of a consultative

‘and advisory role in an open unit where -

the patient’s primary physician retains
medical management, visits the patient on
the unit at least daily, and remains in tele-
phonic contact with the ICU team, Either
way, the foundation of the quality ICU is
the multi-professional team working in
concert for the benefit of the patient.

One of the benefits of the team
approach is to create a culture that is
committed to quality and that allows staff
to provide independent safety and quali-
ty redundancies. Specifically, the team
approach creates a climate where other
ICU professionals are allowed to question
the physician team leader and to help
ensure that patients receive the care they

need - and no more. gt
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OTHER ONGOING WORK

Several organizations and individuals have
been involved in efforts to implement
- ICU physician staffing requirements and
other standards to improve the quality and
safety of care in our nation’s hospitals.
The Joint Commission on Accreditation
~ of Healthcare Organizations (JCAHO) is
developing core quality measures that will
be used in its reviews of hospitals.

~ VHA and the Institute for Healthcare
Improvement (IHI) have a joint project
underway to bring together 15 ICUs from
_ 13 hospitals to collaborate in the design
~ of the idealized intensive care unit. (VHA
- is a nationwide network of leading com-
" munity-owned health care organizations
and their physicians.) The project has
developed measures of quality of care,
a subset of which focuses on patients

' maintained on mechanical ventilators

and key evidence-based therapeutic
- approaches to improve quality and sur-
vival rates for their care.

We have measured average perfor-
mance in the 15 participating ICUs and
estimated the opportunity to improve
quality by adopting the optimal therapeu-
tic measures for all ventilated patients -
which would result in only minimal mar-
ginal costs while reducing average ICU
mortality rates by 50 percent. Many of
the hospitals participating in the project
are now more than 90 percent compliant
with providing evidence-based therapies
to ventilated patients. Most started with
less than 50 percent compliance.

‘The federal Agency Healthcare
Research and Quality (AHRQ), in its report
on patient safety, and the National
Quality Forum both identified ICU
staffing as an important opportunity to
improve care. A national employer health
care co-alition, known as The Leapfrog
Group, is also working to improve the

value and safety of health care for its
employees. One area of focus is its devel-
opment of new purchasing specifications
for ICU care. Among those specifications
are ICU staffing requireménts for inten-
sivists. We are currently working with the
Group to revise the standard and to study
the effect of that standard.

A FINAL HEDGEHOG TRAIT

The third and final requirement for ICU
care to become the hedgehog concept for
America’s hospitals is the need to become

~ passionate about the quality and safety

of ICU care. In this monograph we have
assembled eight stories describing 11
organizations where the passion for qual-

ity was palpable. This project, sponsored

by the National Coalition on Health Care
and THI and funded by AHRQ, aims to
accelerate quality improvement in ICUs

by sharing the stories of ICUs that provide

exceptional care. Dr. Todd Dorman, my

ICU colleague at Johns Hopkins, Maurene

Harvey, president of SCCM, and I set
about identifying sites that had such a
passion for quality, in order to produce a
report that would motivate efforts to
improve ICU quality and safety in other
hospitals nationwide.

To identify the sites worthy of inclu-
sion, we sent an email to SCCM members
asking them to describe for us how their
ICUs provide care that could take our
breath away. Within a week we had
received nearly 200 responses, most with
supporting data. We reviewed the nomi-
nations to select the eight stories con-
tained in this report. While their stories
vary, it is clear that in each of the ICUs,
safety and quality are hedgehog concepts
for which the ICU team feels great pas-
sion. Furthermore, while the organiza-
tional models of the ICUs included in this

monograph vary widely, they all had
physician-led, multi-professional teams
working to ensure that patients receive
the care they needed and no more.

As you will see from the following sto-
ries, some of the sites emphasized safety
engineering, borrowing quality models
from aviation; or the careful tracking of
quantifiable outcomes from their care; or
the development of evidence-based pro-
tocols that could systematize their clinical
practice. Others specialized in environ-
mental enhancements to make the ICU a
more healing setting or a more caring and
skilled approach to support patients who
were dying in the ICU and their families.

~ Actually, I should emphasize that the
majority of the 11 highlighted ICUs incor-
porate most of the important approaches
to quality. But to avoid repetition, we
have opted to highlight just a few of the
things that took our breath away at each
site — with the understanding that they
are all high-performing units in other
ways, as well. In every case, their enthu-
siasm for quality was inspiring and infec-
tious — often manifested in enviable staff
retention rates in a field that is seriously
understaffed nationally. In addition, they
have hard data documenting the results
of their quality initiatives.

Through this monograph we hope, like
Prometheus, to ignite the reader’s passion
to improve safety and quality of care in
the ICU. ICU care is important and we can
be great at it. The question is how far are
we willing to commit?

Peter J. Pronovost, M.D., Ph.D.

Associate Professor

Anesthesiology/Critical Care Medicine,
Surgery and Health Policy & Management

Medical Director, Center for Innovations in
Quality Patient Care :

The Johns Hopkins University School of Medicine

OVER FIVE MILLION PATIENTS ARE ADMITTED ANNUALLY TO U.S.
ICUs. TEN PERCENT OF THEM DIE DURING THEIR HOSPITALIZATIONS,

AND NEARLY ALL SUFFER PREVENTABLE ADVERSE EVENTS.
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A SYSTEMATIC, EIGHT-STEP QUALITY PROCESS IN SURGICAL ICUs

Johns Hopkins University

School of Medicine
BALTIMORE, MD

Borrowing from aviation and other
industries, a quality-improvement
team strives to make patient safety

a hospital-wide obsession.

How does an internationally renowned
medical institution such as Johns Hopkins
Hospital, with more than a century of tra-
dition, go about germinating a new, sci-
entifically grounded “culture of safety”
within its intensive care units (ICUs)? For
those involved in designing, implement-
ing, and refining the hospital's new com-
prehensive patient safety program, pilot-
ed on two surgical ICUs but planned for
eventual dissemination hospital-wide, the
program's success starts with the leader-
ship of safety champions and the support
of the institution's administrators.

Johns Hopkins, a 1,039-bed hospital
in Baltimore, MD, affiliated with the
Johns Hopkins University School of
Medicine, operates seven ICUs for differ-
ent populations of critically ill adults.
Two surgical ICUs were chosen as learn-
ing labs for the new safety program: an
established, 16-bed unit and a second,
with 14 beds, opened in 2000 in the hos-
pital’s new Weinberg hospital building
and known as the Weinberg ICU. Both

units have enjoyed enthusiastic support
for piloting safety concepts from their
nursing leadership and from their co-
medical directors, Drs. Pam Lipsett and
Todd Dorman, who set the tone and lend
their authority to advancing the culture
of safety. The overall ICU safety program
wags spearheaded by Dr. Peter Pronovost,
a practicing intensivist in the Department
of Anesthesiology and Critical Care
Medicine at Johns Hopkins.

For these physicians, as for many
other health professionals, a widely pub-
licized 1999 report by the prestigious
Institute of Medicine (IOM), Te Err is
Human: Building a Safer Health System,
provided an urgent wakeup call on the
need for institutional efforts to improve
patient safety. But it also created an
opportunity to focus the hospital’s atten-
tion on an issue that had become front-
page news. The IOM concluded that
between 44,000 and 98,000 deaths result
from preventable medical errors in the
United States each year. Most of '1h5e2
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errors are due to problems in the systems,
processes, and conditions of health care
institutions rather than culpability by
individual professionals.

Giving Safety a
Systematic Focus

“What we did here was to recognize, first
of all, that patient safety was a signifi-
cant problem, and also that a systematic
approach was the way to tackle it,”
Pronovost explains. And the ICU was a
logical setting to pilot the initiative.
Medical errors can and do occur in any
part of the hospital but are at greater risk
_in ICUs given the patients’ critical condi-
tions, the intensity of their care, highér
numbers of prescribed medications, and
the complexities of multidisciplinary
decision-making by the ICU team in con-
sultation with the primary physician.
Together, those factors add up to a higher
risk for adverse events, which are defined
as unexpected harms to patients attribut-
able to their medical care.

The challenge at Johns Hopkins was
how to spur an evolution from a hospi-
tal full of professionals who cared about,
talked about, and tried to act on patient
safety concerns in their daily routines
to one that was committed to a more
formal approach to safety, providing a
framework or infrastructure for continu-
ous safety improvement.

To construct such a program, Prono-
vost teamed up with Weinberg ICU nurse
Mandy Schwartz, hospital pharmacist
Bob Feroli, and Brad Weast, an adminis-
trative fellow. Together they designed a
comprehensive, systems-oriented eight-
step implementation process (see box at
right), This informal group worked
closely with the hospital's broadly repre-
sentative, permanent Patient Safety
Committee, with each unit’s Performance
Improvement Committee, and with small-
er, ad-hoc planning groups formed to
address specific safety concerns.

The first step in implementing the
safety program was to determine prevail-
ing attitudes about medical errors and

safety issues within the hospital's culture
and environment through a ten-question
cultural assessment of staff on the two
ICUs. Based on the responses, the safety
team then set out to provide education

“about the emerging “science of safety”

and key concepts of systematic safety

_engineering from other fields, such as

aviation, which are now being adapted to
the health care setting.

“Education is the key,” Pronovost says.
“People in the trenches don’t think in
terms of systems issues — they just see a
bad event that happened. When we give
our talk, at the end of it the light bulbs go
on in their heads and their hands shoot
up: ‘Oh my God, I never thought of
patient safety as a system issue, but now
that you mention it, here are ten system
failures that lead to errors every day’”
Once health professionals are encour-

aged to view adverse events as errors of -

the system, it becomes easier for them
to identify long-standing procedural rou-
tines that might be creating hazards.
Another challenge was to persuade
staff that the hospital was serious about
its new “non-punitive” approach to
reporting safety risks and adverse events.

“We had to show therm that if an error
happens on their watch, they may not be
the reason why it happened — it's all the
policies that come together to create the
event,” explains Donna Prow, nurse man-
ager of the Weinberg ICU.

‘1dentifying the Greatest

Hazards

Based on the new understanding of safe-
ty, the program’s next step was to identi-
fy and then prioritize safety concerns that
could be targeted for organized improve-
ment efforts. The staffs of the two ICUs
were asked to identify near misses — med-
ical mistakes that did not lead to harm —
and to predict where they thought the
next medical error was most likely to
occur on the unit.

An online adverse event reporting sys-
tem for ICUs, developed at Johns Hopkins
with a grant from the federal Agency
for Healthcare Research and Quality,
made it easy to nominate hazards.
Identified targets for safety improvement
were then analyzed, prioritized, and
assigned to individuals or work teams

botlnE BSPety Program

STEP 1: Conduct a cultural survey

STEP 2: Educate staff on the science of safety

STEP 3: Identify staff's safety concerns {through a safety survey)

STEP 4: Analyze event
STEP 5: Implement improvements

STEP G: Document results

STEP 7: Share stories and disseminate results

STEP 8: Resurvey staff — cultural survey

SOURCE: Johns Hopkins University School of Medicine, Baltimore, MO




“Education is the key. People in the trenches
don’t think in terms of systems issues — they just see
- a bad event that happened.”

responsible for proposing solutions using
performance improvement toels such as
root-cause analysis and the PDSA (plan-
do-study-act) cycle,

A key milestone in identifying safety
concerns was implementing the Senior
Executive Adopt a Unit program intro-
duced in the hospital’s [CUs in the fall of
2001. Each ICU has been adopted by a
senior hospital administrator (university
president, dean/CEQ, hospital president,
chief operating officer, or vice president),
who visits the unit monthly for a candid,
confidential, on-site discussion with staff
about their safety concerns and their
ideas for how to solve them.

The first cultural survey had discov-
ered that while staff members believed
their managers and clinical leaders at
the unit level cared about patient safety,
they were not as convinced about the
commitment of senior administrators.
When the survey results were shared with
administrators, they agreed to implement
the Adopt a Unit initiative. Their regular
appearances on the units demonstrate the
institution’s commitment to safety while
their reports back demonstrate its respon-
siveness to staff safety suggestions.

On a recent Thursday afterncon, the
hospital's COO0, Judy Reitz, ScD, is in a
conference room with a half-dozen nurs-
es and other team members from the sur-
gical ICU, following up on issues identi-
fied the previous month during her safety
rounds on the unit. “Our agenda is te
focus the organization and all of its con-
stituent groups around the issue of safe-
ty,” Reitz tells the nurses. “What I can
contribute is connecting the dots” within
the hospital, making sure that responsi-
bility is assigned for safety projects and
that actions are reported back to the unit.

A suggestion made at the previous
meeting, which Reitz had helped to imple-
ment, was to create a specialized patient
transport team in the hospital to deliver

patients to medical appointments through-
out the facility. However, analysis of the
program’s first month of operations indi-
cates that there still are bugs to work out,
Having an assigned transport team is no
guarantee that it will be available when
the ICU team requests it. Reitz discusses
with the nurses what would be a reason-
able target rate of availability and how
requests for the team's services might be
prioritized based on medical acuity.

Targeting Communication
Breakdowns

Two other ICU safety initiatives at Johns
Hopkins are the Daily Goals and
Objectives Sheet and the medication rec-
onciliation process. As in many hospitals,
the ICU team conducts daily moming
rounds on every patient. The multidisci-
plinary team, including the attending
intensivist on duty, medical fetlows and
residents, the patient's nurse, nurse spe-
cialists, and other professionals, moves
from room to room, thoroughly dis-
cussing each patient’s condition, progress,
and goals for medical management —
while teaching the residents and fellows
on the job. Supporting the discussion at
the bedside are the computerized medical
chart displayed in each patient's room
and the banks of high-technology vital
sign-monitoring equipment.

However, communication was not
always as clear as it needed to be between
the rounding team and the nurse — who
spends the most time at the patient's bed-
side but may be called away by other
pressing patient needs. In response to
communication breakdowns, the safety
team proposed the handwritten Daily
Goals and Objectives Sheet, which is han-
dled separately from the permanent med-
ical record containing physician orders
and other pertinent charting data.

The daily goals sheet can be quickly
filled out by a resident during rounds,
triggering key questions that otherwise
might get overlooked — even such basic
questions as why is this patient in the ICU
and what are the greatest current safety
risks. It is left at the patient’s bedside as a
reminder of the priorities for the day and
revisited throughout the day by physi-
cians, nurses, and respiratory therapists to
see if the goals for the patient's medical
management are being met.

The gdals sheet also engineers inde-
pendent safety redundancies into the ICU
care process. For example, protocols rec-
ommend five therapies every day for
patients on mechanical ventilation: ele-
vating the head of their bed, preventive
treatment of peptic ulcer and of deep
venous thrombosis, a trial of cutting back
on sedation, and an attempt to wean the
patient from the ventilator. By providing
an independent reminder of these thera-
pies to staff, physicians, and families, the
goals sheet has helped the units achieve
90 percent-plus compliance with the vent
protocols and contributed to an overall
reduction in ICU length of stay down to
an impressive 1.05 days.

The drug reconciliation process grew
out of recognition that the point of dis-
charge from the ICU exposed patients to
the greatest danger for medication errors
— including incorrect dosages, essential
prescriptions from before the ICU stay left
off the post-discharge care plan, continu-
ation of medications started in the ICU
that are no longer needed or appropriate,
drug allergies, and risks for poly-pharma-
cy interactions. A review of 30 charts
confirmed the high incidence of such
errors at the time of ICU discharge.

Drug reconciliation creates an inde-
pendent redundancy to help prevent
medical errors. A staff nurse completes
the standardized form immediately
before discharge and confirms allergies



and home medications with the patient.
Any questions or discrepancies need to
be resolved with the medical fellow on
the unit or the patient’s primary physi-
cian. Just by implementing this process
for every patient, medical errors at the
time of discharge have been reduced to
nearly zero.

Speaking Up for Patient
Safety

“We have actually created a culture where
anyone on the team is allowed to second-
guess the doctors,” Pronovost says. If a
nurse on the unit believes that a resident
is about to make a medical error, that
nurse is encouraged — and even expected
— to go over the resident’s head to the
medical fellow and from there to the
attending physician until the question is
resolved, Dorman adds. And that mes-
sage, clearly supported by the co-medical
directors, radiates from the top down
throughout the unit.

Ad hoc ICU quality teams also have
studied clinical issues such as nurse-to-
patient ratios, the need for standardized
intravenous medication preparations, and
bloodstream infections in patients who
have implanted, central-line catheters.
For the latter, the medical literature was
reviewed to identify the latest informa-
tion on sterile techniques. Staff was then

trained in optimal techniques of full-bar-
rier precautions, but infection rates on the
units did not go down as much as the
safety team hoped.

The team then observed and talked
with staff, discovering that while all of
the supplies and equipment needed for
optimal sterile technique could be found
on the unit, they were stored in different
locations. Since that unintended system
feature made it harder for nurses to round
up all of the supplies when they needed
them, it was easier at times to cut corners
on technique. The solution: a rolling “line
cart" that has all of the supplies readily
accessible in a single mobile location.

In all, the surgical ICU now routinely
collects data on 19 other quality indica-
tors for which medical research suggests
important links to overall quality of care.
They range from regularly assessing the
level of patients’ pain to confirming the
use of medically indicated prophylactic
therapies. Dr. Sean Berenholz of Johns
Hopkins University's medical faculty
worked with Pronovost to develop a stan-
dardized data collection tool, trying to
balance the need for quality and out-
comes data with minimizing the burdens
of collecting them.

Weinberg ICU is now piloting the use
of an electronic writing recognition pad
for gathering the 19 quality indicators.
Nurses can quickly check off boxes on a
specialized data form on the electronic

pad, which transmits the information to a
palm-held computer for eventual upload-
ing to the data base. The data collection
process is constantly undergoing stream-
lining and revision, while the results are
analyzed and brought back to staff for
review on a monthly basis — creating
fresh motivation to keep generating the
data. “We really try to incorporate safety
into our daily practice, but to improve, we
have to be able to measure what we're
doing,” Berenholz explains.

Documenting the Results

For all of the specific safety activities ini-
tiated through the comprehensive safety
program at Johns Hopkins, it is neces-
sary to document their outcomes: Did the
measures achieve the desired result? Is
further exploration needed? Were there
unintended consequences? “We’'ve had
minimal resistance to our safety initia-
tives in the hospital, because we had the
administration’s support and because
we've really tried to do management by
data,” Pronovost says.

Administrative fellow Brad Weast com-
pares the process of hospital safety en-
gineering to contemporary automobile
plants where any worker on the assembly
line can push a button and make it stop
until the team addresses a potential safety
or quality concern. While it is not possible
to stop the assembly line in the ICU, staff
can take the time to analyze complex
care processes and break them down to
their individual components, looking for
opportunities to streamline the process
and engineer out potential hazards.

The final step in the safety program’s
eight-stage process was to repeat the cul-
tural survey used in Step 1, to see how
much had really changed in the overall
culture of the ICUs at Johns Hopkins.
Results of the repeated survey confirm the
staff's perceptions of an improved culture
of safety. “We knew a culture of safety
was important but we did not know if we
could change it,” Pronovost says. But the
results demonstrate measurable improve-
ments and reduced errors — all achieved
in just six months. W
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St. Vincent Hospital
WORCESTER, MA

Stamford Hospital
STAMFORD, CT

St. John Medical Center
TULSA, OK

DATA-DRIVEN QUALITY IMPROVEMENT
PROGRAMS IN THREE ICUs

Following divergent paths, intensive care units in three
community teaching hospitals have established strikingly
similar, medical evidence-based quality initiatives.

The Department of Critical Care Medicine
at St. Vincent Hospital, a 300-bed com-
munity teaching hospital in Worcester,
MA, laid the foundation for its culture of
measuring outcomes to steadily improve
the quality of care by first becoming
“absolutely fanatical about data,” reports
department chief Dr. David Kaufman. The
department was formed in 1989, but ini-
tially it had limited authority and faced
some skepticism from the hospital's med-
ical staff. “It was clear that if we wanted to
grow this department, we would have to
justify it with data. It is tremendously
important for us to produce the best possi-
ble outcomes from our care, and the only
way to know that is to measure them.”

In working with the hospital’s infor-
mation technology staff to build a home-
grown, comprehensive ICU database,
Kaufman was asked what kind of data he
wanted to collect. “I said we needed to
collect everything. They asked what
questions we needed answered, but we
didn't know that yet. As the database
grew, new questions emerged. Now we

have eight years of data and we're going
back to mine the data.”

For the medical/surgical/coronary ICU
at Stamford Hospital in Stamford, CT,
a similar commitment to evidence-based
medicine and data-driven quality im-
provement emerged as critical care was
being reorganized in the context of an
impending hospital merger. The unit's
director, Dr. James Krinsley, was inspired
by an ICU management course taught
by Dr. Terry Clemmer, whose widely
admired, protocol-intensive ICU program
at LDS Hospital in Salt Lake City, UT, is
profiled in the next section of this report.
But the 305-bed hospital and its sophisti-
cated medical staff were already primed
for such an approach, Krinsley says.
“Basically, at this hospital, when a good
idea is generated, you just run with it."

Similar changes were brewing at 720-
bed St. John Medical Center, a commu-
nity teaching hospital in Tulsa, OK. In
1995 the hospital launched a physician
credentialing policy for its ICUs and a
critical care rotation for medical remdrzg 6
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from the University of Oklahoma. But the
new Adult Critical Care Department and
its data-driven approach received their
biggest boost from a field trip to tour an
established, outcomes- and protocol-
intensive critical care program at Phoebe
Putney Hospital in Albany, GA.

Dr. Gerald Plost, the department’s
director, organized the two-day trip at
the invitation of a colleague, Dr. William
Brock at Phoebe Putney, and led a team
of 11 observers, including representatives
of key physician groups at St. John and
members of the ICU interdisciplinary
team. They studied the practice of critical
care at the Georgia hospital, including its
medical rounds and care planning, and
learned from its impressive results in such
areas as safety management, clinical out-
comes, and cost containment. This first-
hand exposure and the excitement it gen-
erated helped to secure buy-in for imple-
menting similar concepts at St. John.

COMMON ELEMENTS OF
QUALITY IMPROVEMENT
Following different paths and operating
under different models of unit manage-
ment, the three community teaching hos-
pitals in Worcester, Stamford, and Tulsa
have instituted strikingly similar ICU
quality improvement initiatives that
share many key elements. All three start-
ed with a commitment to data-driven
quality improvement for their ICUs,
championed by their medical directors in
close collaboration with nursing leaders
and with the explicit support of the hos-
pitals’ administrators.

All three built sophisticated computer-
ized databases to track and compile a vari-
ety of outcomes from their clinical care.
Each also enrolled in Project Impact, a
national ICU database established in 1996
by the Society of Critical Care Medicine,
in order to benchmark and compare its
performance with other ICUs. More than
120 hospital ICUs now submit consistent-
ly collected data to Project Impact and
receive regular statistical reports compar-
ing their outcomes with peer groups of
similar ICUs around the country.

The three critical care departments
developed standardized care protocols for
many of the fundamental quality issues
in intensive care, based on the best cur-
rent evidence in the medical literature,
reviewed and adapted by quality improve-
ment teams within their institutions. Such
protocols address ventilator management
and weaning, extubation and the avoid-
ance of unplanned reintubations, preven-
tion of infections, central line insertion
and maintenance, prevention of deep vein
thrombosis, sedation, even pain manage-
ment and skin care. The protocols have
been refined based on experience on the
units and tested against outcomes data
from the departments’ comprehensive
databases in a continuous cycle of test-
ing, evaluation, and improvement. Safety
management, described in the first profile
in this report, is also emphasized.

Together, these activities have resulted
in dramatic improvements in key out-
comes of care on the ICUs as well as sig-
nificant advances in cost containment at
each hospital. The units receive high
marks from their hospital administrators,
who have tried to adapt their lessons to
other departments. Their experience also
underscores the opportunities for other
community hospitals to institute similarly
sophisticated, comprehensive, multidisci-
plinary, intensivist-led, evidence-based,

data-driven, cost-effective approaches to
quality improvement.

“A lot of people assume that this kind
of approach is just for the large academic
medical centers, but in our area, we're
actually ahead of some of the academic
centers,” Plost notes. “But you can get
there quite rapidly if you go about it in
the right way.”

AN IDEA FOR A
HIGH-PERFORMING ICU
The Adult Critical Care Department at
St. John in Tulsa is comprised of three
units: a 15-bed surgical, a 10-bed med-
ical, and a 10-bed coronary ICU. The
quality improvement process implement-
ed in the department over the past two
years had its roots in Plost’s attendance at
national critical care meetings and his
idea that “we could achieve better
results.... All hospitals do quality moni-
toring, but we wanted to do more than
that — and really emphasize the quality of
the data.” In 2000, Plost brought his idea
to the hospital's administration and med-
ical management committees. They asked
for evidence that this approach could
actually produce such results.

Evidence supplied by Phoebe Putney
Hospital was enough to convince the hos-
pital. After Plost's ICU group returned

Dr. David Kaufman of the Department of Critical Care Medicine at St. Vincent Hospital with
a medical student. (Photo courtesy of St. Vincent Hospitai)




The Adult Critical Care team at Stamford

Hospital includes {from left to right) James
Krinsley, M.D., Director of Critical Care;
Valerie Neary, R.N., Nursing Director of
Critical Care Services; Santi Neuberger, M.D.,
Department of Internal Medicine; Joan
Grande, R.N., Charge Nurse, Critical Care Unit;
Ruby Beverly, Unit Coordinator, Critical Care
Unit. (Photo courtesy of Stamford Hospital)

from its field trip to Georgia, he formed a
small ICU management team with nursing
leaders from the units and a data analyst,
augmented as needed with other expertise
from hospital and medical staff. Given
clear lines of authority and accountabili-
ty by the hospital, the team began meet-
ing once or twice a week to start imple-
menting real change aimed at defining,
measuring, and tracking performance on
the units. “Our goals included a commit-
ment to a process of continual improve-
ment and decreasing costs while improv-
ing quality,” Plost relates.

The group also set to work drafting,
testing, and implementing 18 care proto-
cols in its first year. Each protocol was
reviewed by the relevant hospital commit-
tee on a fast track for approval. Each was
built on established medical evidence and
what was already being done at other hos-
pitals and each was written with the goal
of keeping it simple and easy to follow.
Some of the protocols are “opt in" —
meaning the physician specifically writes
the order to use them, and others are “opt
out” — meaning the physician must speci-
fy when the protocol is not to be followed.

“At the same time this was going on,
we also needed to see how we were doing
(on overall performance),” Plost notes.
With results generated from the depart-
ment's computerized outcomes database,
“we could track all three units’ perfor-
mance on graphs, and they started im-
proving dramatically right away. Slowly
but surely, the culture of care in the ICUs
began to change. In an important early
victory, we shaved an average of two days
from the length of time patients spent on
ventilators in the medical ICU, resulting
in $1 million in annual savings for the
hospital.” Lengths of stay on the units
and the proportion of patients discharged
alive are all higher than matched, severity
adjusted comparison groups from the
Project Impact national database.

In year two the ICU management group
took aim at more subtle outcomes, includ-
ing patient/family satisfaction. Year three
and four targets will include specific med-
ical problem areas such as renal failure,
more complex disease management proto-
cols, and protocols for a new trauma servi-
ce, as well as offering input on redesign of
the physical environment for the units.
Meanwhile, existing protocols will be
revised as needed, based on the emergence
of new medical evidence, so that they con-
tinue to reflect best current practice.

INCENTIVES TO SUP
TH ?E"‘ PROTOCOLS
Recently, the ICU management team at St.
John decided to take a closer look at com-
pliance with its clinical protocols and
found that they were being followed cor-
rectly about 70 percent of the time in sit-
uations where they could have been used.
“I wanted to get the compliance rate up to
90 percent, so I went to every department
in the hospital and gave a one-hour talk
about the protocols,” Plost says. But when
compliance did not improve, it became
clear that education alone was not
enough. So the team came up with an
incentive program for nurses on the units,
since they are in the best position to edu-
cate physicians about the protocols and
their benefits for standardizing quality.
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After providing the nurses with train-
ing in how to present the protocols to
attending physicians, the team enhanced
their motivation by offering rewards for
raising compliance rates to 90 percent.
The incentives, funded by a private donor,
included new equipment, a party for all
unit staff, and a drawing for three
expense-paid trips to a critical care con-
ference in Las Vegas, NV. Within three
months they had achieved a compliance
rate of more than 90 percent.

The leadership of a physician champi-
on who is inclusive and team-oriented
has been essential to the program's suc-
cess, notes St. John senior vice president
Howard Peterson. “Dr. Plost involved the
board early on, and he keeps the admin-
istration informed of the cost and out-
comes measures,” demonstrating the cor-
relations between cost reduction, quality
improvement, and patient satisfaction.
“And on top of that, our employee satis-
faction is much higher,” reflecting the
staff's appreciation for more streamlined
care protocols leading to better patient
outcomes, Peterson says.

Nurses on the unit seem pleased with
the emphasis on protocols, says Kathy
Staggs, nurse and clinical director of crit-
ical care at St. John. “The more they use
them, the more they see, ‘When I use the
protocol, everything runs like clockwork.
That's when you can see the lights start
to go on. Now they're coming up with
ideas of their own,” such as a family sup-
port protocol.

RI(JHEW‘.“} " f}l !( OI
ANALYSIS AT STAM FOP\
Like the ICUs at St. John, the 14-bed mixed
adult ICU at Stamford Hospital uses an
open management structure, in which pri-
mary physicians retain care management
responsibility while the Director of Critical
Care is responsible for general oversight
and supervision, education, protocol devel-
opment, and data analysis. The part-time
position of director was created in 1998,
and Dr. James Krinsley was hired to fill it.
Krinsley quickly set out to imple-
ment a performance improvement initial— 5 8
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The median Length of Stay is one of many indicators that hospitals need to track in order
to assure high quality care in ICUs.

tive built on rigorous outcomes assess-
ment and the monitoring of adherence
to protocols established for the unit. “We
created a culture of protocols and inten-
sive outcomes analysis — a data-inten-
sive, data-conscious culture,” Krinsley
relates. “I'm the data guy. I've always
loved numbers. When I started out, I
didn't know how to use computerized
spreadsheets. But I learned and built the
program piece by piece,” he says.

“For the first couple of years, I was
collecting the data on my own. I wanted
to make sure that it was done right. Now
I have help from the hospital’s informa-
tion technology department.” The cur-
rent master ICU database includes diag-
noses, severity-of-illness scores, length
of stay measured in 0.1 day increments,
co-morbidities and other demographic
data, ICU outcomes, and a detailed ven-
tilator database. Computerized queries
link individual radiology, pharmacy, and
laboratory charges, laboratory values,
and final ICD-9 discharge codes to the
ICU database, facilitating a rich array of
detailed outcomes analyses.

Krinsley regularly covers the walls of

the ICU conference room with his colorful
charts summarizing the outcomes data,
and he is preparing several manuscripts
on the data for publication. The charts tell
the story of advances in quality, including
steady reductions in rates of central line
infections, ventilator-associated pneumo-
nia, and reintubations.

Krinsley notes that he was fortunate to
be given a free hand by the hospital's
administration to implement his quality
concepts. He also enjoys a close working
relationship with the ICU nurse manager,
Valerie Neary, who says, “This is a real
team effort — not just medicine. It's an
interdisciplinary group of people that
comes together to write the protocols,”
also including respiratory therapists, phar-
macists, and a clinical dietician. “What we
emphasize is how we listen to each other,
and how to work together so that we all
have ownership in the process. That's part
of the cultural change,” she says.

A major target for the new depart-
ment’s quality initiative was to develop a
protocol for enteral nutrition for critical-
ly ill patients — which is typically done
with a feeding tube through the nose into

the stomach. The four-part protocol,
developed by a multidisciplinary quality
team, specifies when enteral feeding is
indicated or contraindicated, when to use
an enteral feeding formula that includes
fiber or immune-enhancing supplements,
and how to prevent diarrhea, which is a
common side-effect.

Another recent quality initiative stud-
ied the ordering of portable chest X-rays
on the unit, which were costing nearly $1
million per year. “Residents often order
studies without considering whether the
result will affect any outcome,” Krinsley
says. In March 2001 the department
adopted a protocol requiring house staff to
fill out a form stating the reason for order-
ing a chest X-ray. Utilization went down
28 percent over the next 12 months, gen-
erating savings of $173,499 without
affecting ICU length of stay, survival, or
duration of mechanical ventilation. “We
plan to apply a similar process to drug uti-
lization patterns in the ICU, particularly
regarding four high-cost antibiotics that
can often be given enterally rather than
by the more expensive intravenous route.”

The ICU's protocols and outcomes
monitoring reflect an overall institutional
approach to quality and clinical effective-
ness at Stamford Hospital, says Dr.
Michael Parry, the hospital’s vice presi-
dent and chief medical officer. “But clear-
ly, Dr. Krinsley has taken that ball and
run with it. He is more involved than any
other physician on staff, and his develop-
ment of protocols has been a model for
the rest of the hospital.”

The SMIC Interdisciplinary Team in the ICU.
(Photo courtesy of 5t. John Medical Center)
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The freestanding Department of Critical
Care Medicine at St. Vincent Hospital in
Worcester includes seven physician inten-
sivist members who have varied primary
medical specialties, led by director Dr.
David Kaufman. The combined, 38-bed
Critical Care Center, which moved into a
beautiful new hospital building in 2000,
intermingles a medical and a surgical unit.

Established in 1989, the department
slowly established credibility within the
hospital and essentially became a closed
unit in 1998, with the unit's critical care
specialists assuming responsibility for
managing the medical care of patients on
the unit. But it retains a collaborative ori-
entation to its primary “customers”: pri-
mary care physicians and surgeons. Their
satisfaction is regularly measured and has
improved steadily in recent years.

“The culture of evidence-based medi-
cine is what we have lived here. We try
to give it as much substance as possible,”
through the involvement of the multi-
disciplinary team and ongoing direction
from the Performance Improvement
Committee, Kaufman says. In addition to
demographic, clinical, service, outcomes,
pre-admission, and post-discharge data,
the ICU databases incorporate the costs
of care as another essential aspect of
outcomes and quality.

That is not just because it is fiscally
responsible — given that the ICU is the
most labor-intensive, intervention-heavy,
and expensive area of the hospital, with
typical costs per day running three times
as high as general acute hospital wards.
Providing high-quality intensive care
and thereby minimizing infections and
other complications can also reduce costs
and length of stay on the unit — which
is good for everyone, Kaufman notes.
Complications are hugely expensive and
harmful to ICU patients, while just being
in the ICU carries its own risks, such as
nosocomial infections. Managing inten-
sive care effectively and efficiently also
requires managing admissions — only
admitting patients who need that intensi-

ty of care and who can be expected to
benefit from it — and planning up front
for appropriate discharges.

“I'm intensely concerned about saving
money, because I believe providing good
care at the right time is cheaper,” he
explains. Avoiding medical interventions
that are not substantiated by evidence-
based medicine helps to prevent waste of
precious medical resources and may pro-
tect patients from unnecessary risk.

OUTCOMES MANAGEMENT
IN PRACTICE

The ICU Performance Improvement Com-
mittee at St. Vincent developed a proto-
col to control the utilization of propofol,
an effective but expensive sedative. By
requiring the approval of a department
intensivist to order propofol, the team
saved $105,808 in 2001 compared with
two years before. The committee also
looked at reducing other unnecessary lab
and X-ray testing through the devel-
opment of protocols and intensivist-led
oversight.

Another example of the unit's quality
management, illustrating the problem-
solving process and dogged pursuit of
better outcomes, is the incidence of ven-
tilator-associated pneumonia (VAP) -
which can be catastrophically life-threat-
ening for ICU patients, The database
showed that ICU patients had an un-

acceptably high rate of VAP, confirmed
by the hospital's participation in the
Maryland Indicator Project, which bench-
marks ICU data from multiple hospitals.
But the ICU team didn't understand why
the VAP rate was so high on the unit.
“We put together a group of intensivists,
respiratory therapists, nurses, and an
infectious disease physician. We looked at
how often our tubing was changed, suc-
tioning, anything we could think of,”
Kaufman relates.

“We decided to try two things. First,
would it help if we raised the head of the
bed for every patient on a ventilator to an
elevation of 30 to 45 degrees? Second,
our patients on ventilators who were on
feeding tubes typically had the tube
through their nose. When the tube goes
through the nose, it may obstruct the
opening to the sinuses. So we said, for all
patients on ventilators, unless there's a
reason to have the tube through the nose,
let’s use an oral gastric tube instead.
And the results speak for themselves.”
From rates of 14 to 22 incidents per 1,000
patient days on ventilators on the unit
prior to implementing the new protocol in
1997, the incidence of VAP was down to
just one per 1,000 vent days by 1999.

And thus the continuous cycle of
improving quality of care in the ICU leads
to the more efficient use of finite health
care resources — and better results for the
critically ill patients. W
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One 1CU’s painstaking quality
improvement process builds
relationships, teamwork, and
the staff's personal ownership

of clinical protocols.

The Shock Trauma Respiratory Intensive
Care Unit (STRICU) at LDS Hospital in
Salt Lake City, UT, has worked long and
hard on its process of developing proto-
cols, which are policies spelling out
standardized, optimal departmental prac-
tice in given clinical situations, says the
hospital's director of critical care medi-
cine, Dr. Terry Clemmer. Along the way,
the STRICU team has learned important
lessons about how protocols could be
more effective tools for improving the
quality of intensive care — thereby mak-
ing an expert ICU team even better,
utilizing its resources more effectively,
and saving lives.

First of all, the current set of 19 clini-
cal protocols is subject to frequent revi-
sions in response to new developments in

EXPERIENCE,

COMMITMENT TO
COLLABORATION
LEAD TO MORE
SOPHISTICATED
PROTOCOLS

medical research and actual experience
on the unit. If a protocol doesn’t work in
practice — and new ones crafted by com-
mittee are rarely written in a form that is
ready to work well on the ICU floor —
then the team that drafted it is responsi-
ble for refining and making it more effec-
tive. Another key is to monitor ongoing
compliance with protocols — and their
results in terms of clinical outcomes.

Personal buy-in for accepting and
using the protocols by STRICU staff and
by the physicians who place their criti-
cally ill patients on the unit is essential.
In fact, Clemmer says, the relationships,
trust, and collaborative teamwork devel-
oped through the process of crafting the
protocols ultimately are more important
than what is on the piece of paper.

LDS Hospital
SALT LAKE CITY, UT



A TRADITION OF QUALITY
IMPROVEMENT

The 12-bed STRICU at LDS Hospital has
been celebrated for its quality improve-
ment processes, including its advanced
use of protocols. The unit's staff serves as
faculty for ICU training courses at the
Institute for Healthcare Improvement and
elsewhere and participates in national
research activities. The unit produces
exceptional outcomes in such areas as
acute respiratory failure and trauma while
steadily reducing costs and average
length of stay, Clemmer notes.

In developing its quality program, the
STRICU enjoyed several built-in advan-
tages. First of all, 520-bed LDS Hospital
pioneered the development of computer-
ized medical records and hospital infor-
mation management in the mid-1960s,
and its sophisticated clinical information
system facilitates outcomes data retrieval
and the use of decision support tools.
Clemmer has directed the critical care
program since 1976, and many staff nurs-
es also have lengthy tenures.

The hospital’s parent system, 22-hos-
pital Intermountain Health Care (IHC),
has been recognized for its quality
improvement activities and is home to
quality expert Dr. Brent James, a protégé
of legendary industrial-model, quality
improvement guru Edward Deming.
The roots of the STRICU's commitment
to transform its clinical practice and cre-
ate an environment that supports prac-
tice improvement lie in the participation
by Clemmer and then-nurse manager
Vicki Spuhler in a 1992 training course

taught by James, “The Advanced Quality
Improvement Program.”

The unit was already working on pro-
tocol development, Clemmer relates, “but
the course really solidified our ideas.”
With its inspiration, they brought unit
staff together for a one-day, off-site
retreat to discuss where they wanted the
unit to be in five years. Standardization
of practice was identified as the way to
achieve the vision. “We got really turned
on to the idea that this could be applied in
the ICU." The first protocol development
team was launched the following year.

BIRTH OF A PROTOCOL

How do the clinical protocols used on the
STRICU come into being? Clemmer out-
lines a process that is more complicated
than some of the other quality improve-
ment programs described in this report.
But if that process wasn't honored, he
says, the protocols would lose much of
their transformative power.

Ideas for new protocols are generated
by front-line professionals on the unit,
especially the nurses. Often they felt frus-
trated by the wide variation in critical
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“BY THE TIME WE'VE MADE THE PROTOCOL FUNCTIONAL...
THE FRONT-LINE TEAM HAS LEARNED NEW
PROBLEM-SOLVING SKILLS.”
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care practices of the 55 attending physi-
cians who admit patients to the unit, the
five members of the academic critical
care faculty group that manages it, and
the six private critical care physicians
who participate in staffing the unit's 24-
hour, on-site intensivist coverage. The
STRICU’s Quality Improvement Coordi-
nating Council, which meets monthly,
assigns clinical issues for protocol devel-
opment to smaller multidisciplinary
teams of five or six members.

The smaller, ad hoc group hammers
out a first draft of a proposed protocol
around a conference table, armed with
the best current medical evidence from a
thorough review of the literature. Since
there is no solid, controlled trial research
evidence to answer many of the clinical
questions that arise in intensive care, the
group often must fall back on its collec-
tive experience working on the unit.

In fact, says STRICU intensivist Dr. Jim
Orme, some of those meetings have led to
shouting matches over strongly held differ-
ences of opinion. A lot of painstaking dis-
cussion goes into making sure that every
point of view is considered and reconciled.
Over time, Orme says, as participants have
grown more confident in the process, the
effectiveness of protocols, and the ability
to improve them based on actual practice,
the level of argument has subsided.

Clemmer sends the first draft of a new
protocol to ICU staff and to the 55 refer-
ring physicians for their review and
input, so that they will feel ownership
and buy-in when it is eventually imple-
mented. The feedback is incorporated
and, if necessary, he will negotiate one-
on-one with doctors who have strong
conflicting views. “If they don't like it,
we need to work on it. Otherwise, they
won't use it,” he explains. Typically, a
protocol goes through three or four iter-
ations before it is ready to test on an
actual patient on the unit.

“You can't understand in the confer-
ence room how it will work in the clinical

PROTOCOL APPLICATIONS

Protocols are a method of standardizing the care of patients in the STRICU.
. They lay a foundation which allows us to better evaluate care and discover

methods to enhance its quality. They do not constitute the oniy oc
approach to care. Deviations from the protocols should not be viewed as
_inappropriate care but as a different idea which might be useful to improve

the protocol decision makihg rules.

In order to meet our goals of improving care, the following quidelines are

‘strongly encouraged with respect to the use of protocols:

1 & Whenever the protocols fit the clinical situation their use is strongly

encouraged.

2 © Protocols should never be followed blindly without scrutiny and guestion
_ as they may not afways be appropriate for every clinical situation.

3 = Qverriding the protocols canstitutes an opportunity to discover how they
might be improved. Therefore, the reasons for overrides need to be docu-
mented and evaluated so the protocol can make better decisions in the future.

4 & Protocols should be challenged in formal ways as new techriologies, drugs,
- and theories of practice are introduced in order to make them dynamic and

constantly improving.

5 1 Protocols should be viewed as students. They must be supervised and

- taught.

SOURCE: LDS Hospital, Salt Lake City, U

environment,” Clemmer says. “So we
immediately start to revise. By the time
we've made the protocol functional for
the clinical environment, it's already
working. Even more importantly, the
front-line team has learned new problem-
solving skills,” he says. “But you really
need an open environment where people
feel comfortable bringing up issues. Staff
members constantly ask questions to
make care processes safer.”

LEVELS OF COMPLEXITY

Each protocol team is responsible for
devising long-term outcomes monitors to
measure effectiveness and retains perma-
nent ownership for making future revi-
sions. Less complex protocols, such as the
monitoring and maintenance of potassi-
um levels, are more straightforward than
the multi-faceted protocol on sedation
and paralysis of ventilator patients, which
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outcomes, Rimkus adds, but when it's
necessary to override the protocol, that,
too, is an opportunity to learn and make
improvements.

CULTURAL ISSUES
ARE KEY

Just as important as the STRICU's clinical
protocols are the cultural factors that
have shaped protocol development on
the unit and the ICU team's commit-
ment to cooperation and communication,
Clemmer says. Orme adds that the proto-
has gone through frequent refinements, cues. Other processes, such as antibiotic  col process is an extension of the unit's
reflecting controversies and evolving  selection and ventilator management, are  commitment to integrated teamwork.
philosophies of sedation management. computerized to provide more complex  “Each member of the ICU team has to feel
“We used to sedate patients on vents until  decision support. “We've become good at  and acknowledge the core value of every

it was time for them to wake up. We don't making the protocols very specific,” other member, both in terms of the posi-

do that any more. We found that getting  Clemmer says. tion and the individual.” Such respect has

them out of bed every day gets them off Although some health professionals been inculcated by the unit’s senior lead-

the vent faster,” Clemmer says. might object to such explicit protocols as  ers and their example of collaborative
Other protocols address topics such  “cookbook medicine,” in fact, says nurse  problem-solving.

as early enteral feeding of ICU patients  Susie Rimkus, using the protocols gives “If you have team members build and

to enhance bowel, biliary, and liver func-  nurses more freedom and autonomy  write the protocols together, there's a
tion and healing, along with indica-  while challenging their critical thinking.  feeling of ownership,” adds the STRICU's
tions, contra-indications, recommended  Without the protocol, nurses would need  nurse manager, Lori Mitchell. Naturally
formula, and tube placement; the moni- to call the attending physician every time  strong nurse leaders who have the
toring of serum glucose levels for insulin  the patient’s vital signs change. “They  respect of their peers are tapped to head
drip patients; pain relief for conscious trust me as a nurse to have the knowl-  the protocol teams while charge nurses
patients, and stress ulcer prophylaxis. The  edge and experience to apply the proto-  on the unit have been a constant in sup-
attending physician must order the pro-  col. The nurse is expected to know why  porting their use.

tocol because it functions as a standing and to ask questions,” says Rimkus, a Another key, Mitchell says, is to go
order — although some protocols are in  ten-year veteran on the unit. back and make sure that protocols are
use for nearly every patient. “Protocols are standardization of care  being used and followed correctly — and

More recently, the unit has started — and an opportunity to discover meth-  that they're producing desired results.

combining multiple protocols into clinical  ods to enhance the quality of care and “My advice: if you think they're being
care pathways, such as a respiratory fail-  achieve better outcomes. The nurse is  followed, look again. We would do chart
ure pathway. To date, this effort has not  highly trained in the protocol and applies  audits and find that they weren't being
been as successful because of the com- it in a timely and aggressive manner. It's  followed,” she says. “Initially, they can be
plexities involved and the fact that some  all spelled out so you give holistic care  cumbersome, but once you know them,

nurses don’t always appreciate the numer-  and you don't forget any single point,”  they make your job easier.”
ous automated clinical reminders generat-  she says. By continuing to work on its proto-
ed by the pathways, Clemmer says. “Of course, we do not use the protocol  cols, the STRICU advances quality of care,

Some of the STRICU's protocols are  blindly. You also need to be thinking standardizes care processes, and mini-
kept in three-ring binders on the unit, about exceptions. And if someone has a  mizes medical mistakes, Clemmer con-
with extra copies that the nurse can bring  better idea, we're open to hearing it.”  cludes. “If we do it right the first time, we
to the patient’s bedside to provide clinical = Following the protocols results in better = make patients better quicker.” W
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TR Measuring Outcomes

Beyond Mortality

RESEARCH TO ADVANCE THE ART OF

QUALITY MONITORING

In order to satisfy itself that it was providing quality intensive

care, one ICU has worked to develop new measures and new ways

of understanding quality.

Intensive care units that are dedicated to
the pursuit of quality often end up with
the same kinds of programs designed
to verify the results of their care and
to continually improve care. The medical
ICU (MICU) at 650-bed Lehigh Valley
Hospital in Allentown, PA, established a
quality improvement program with sim-
ilar features as other leading ICUs. But it
has tried to take its quality initiatives a
step further, says medical director Dr.
Stephen Matchett, looking at longer-
term outcomes and families’ satisfaction
with ICU care in order to determine its
real impact on the lives of critically ill
patients and their loved ones.

The second profile in this report
described the different paths to quality
taken by three high-performing critical
care departments in community hospitals
— as well as the similarities in their pro-
grams — while the third described an
established ICU that has longer experi-
ence in refining its data-driven quality
improvement. Common features include
installing intensivist-led multidiscipli-
nary teams, designing sophisticated com-
puter databases, using the data to contin-
uously improve care, crafting menus of
clinical protocols to define optimal care,
and setting up monitoring systems to
track compliance with those protocols.

“We have those things,” Matchett
says. “Our complication rates remain low

and our length of stay is dropping,” from
4.53 days in 1998 to 3.61 in 2001. The
MICU received a research award from the
Society for Critical Care Medicine in
1999 for demonstrating progressive
reduction in severity-adjusted mortality.
“But the issue for us is not just high-
quality care and performance improve-
ment. What makes this program unique is
its attention to outcomes beyond 28-day
mortality (a traditional ICU effectiveness
measure), and developing the science to
measure them.”

The nine-bed MICU at Lehigh Valley, a
university-affiliated community hospital,
is part of a 32-bed critical care center
that also includes trauma and surgical
services. Matchett, a pulmonary inten-
sivist by training, was part of a group of
intensivists recruited by the hospital in
1995 to establish the MICU as an orga-
nized program. The unit has gradually
evolved in the direction of a larger con-
sultative role for its staff intensivists and
in some cases mandated consultations.
“Even though it's still an ‘open’ unit, we
see 95 percent of the patients using a col-
laborative model, with care management
decisions made by the multidisciplinary
ICU team,” he says.

“We started with the mission of build-
ing the clinical program and, along with
it, a research program,” which is now
supported by an endowed chair in critical
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care medicine. Key to that mission,
Matchett says, were a structured approach
to quality and attention to carefully col-
lecting clinical data. “You need medical
and nursing leaders who look at the ICU
as an entity — not a collection of patients.
You need to manage that entity and you
need tools for measuring and implement-
ing the program.” The MICU now has a
rich clinical management database con-
taining more than 4,000 consecutively
admitted patients since May 1996 — and
it uses the data to improve its quality.

From that jumping off point the MICU
at Lehigh Valley ventured into new terri-
tory by continually asking the question:
What is quality in critical care? Its con-
clusion: The traditional benchmarking
standard for the ICU, adjusted 28-day
mortality, is a somewhat blunt instrument
that may miss the real determinants of
quality, Matchett notes. “Our approach is
that 28-day mortality is important, but it
does not adequately define quality and
may not be what’s most important to
many patients and families.”

Death rates in ICUs are influenced by
many factors, not just the severity of ill-
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ness, reflected in current risk-adjusted
mortality rates, or the quality of the care.
For example, some patients might prefer to
die rather than spend the rest of their lives
severely functionally impaired and con-
fined to a long-term-care facility. Some
might forego ICU care for that reason, but
in other cases the family may reach a con-
clusion to withdraw life-sustaining treat-
ments on the patient’s behalf only after a
good-faith, but ultimately fruitless, effort
by the ICU team to restore the patient’s
health. The patient may even die in the ICU
— after all, only the most gravely ill
patients are admitted — and yet the family
could be extremely satisfied with the care
that was given, according to Matchett.

New Approaches to
Measuring Quality

The dogged pursuit of quality that
defines all of the ICUs portrayed in this
report led Lehigh Valley to create and
validate a tool to measure families’ per-
ceptions of the quality of ICU care, to
measure patients’ actual functional status

caliCare Family
faction Survey

90 days after they leave the hospital, and
to emphasize palliative care, which pro-
vides comfort and support for the patient
and family even in cases where recovery
or survival is not expected.

When Matchett’s quality team began
exploring how to measure perceptions
about the ICU experience, it realized that
many ICU patients would be unable to
rate their own care because they were so
ill, sometimes unconscious, during their
stay. That necessitated turning to the
patient’s loved ones for a surrogate eval-
uation of the care. The team also had to
supplement previous research on measur-
ing satisfaction with critical care. Pulling
items from existing tools, it compiled a
list of 72 questions and organized them
into five domains: assurance, informa-
tion, proximity, support, and comfort.
Then it boiled them down to a workable
set of 20 questions (see sidebar this page).

The tool was given initial reliability
and validity testing, with results pub-
lished in Critical Care Medicine (29: 192-
196, 2001), then subjected to external
validation at a Chicago hospital. One of
the domains, comfort, needs further
refinement, while how to use the tool is
still a work in progress, Matchett says.
But the MICU is already using it to gath-
er data on how families view its care.

Issues that have started to emerge
from the research include the quality of
communication with the physician and
other team members and the need to
make discharge from the MICU less
stressful. Other ICUs in the hospital,
which has a combined total of 84 critical
care beds, have also begun using the
questionnaire. “For families who com-
plete the survey and return it, there is
high satisfaction overall,” says Matchett.
But the most valuable information for
improving quality comes from families
that are unsatisfied.

Future challenges for measuring fam-
ily satisfaction include increasing the
rate of return for the survey and figuring
out how to directly tie the families’
assessments with the care their loved
ones received. Currently, completed fam-
ily questionnaires are sent anonymously
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to the hospital's research department for
tabulation, so it is not possible to identi-
fy common care elements related to dis-
satisfaction. But if researchers could
devise a way to link the family survey
with the patient’s clinical chart, “it has
the potential to answer a lot of impor-
tant questions,” says program coordina-
tor Kathy Baker.

Another research initiative is looking
at critically ill patients’ functional status
90 days after they go home from the hos-
pital, in order to start identifying risk fac-
tors for poor long-term outcomes. “What
is the recovery of their functional status?
Were they able to return to the life they
were living before they got sick?”
Matchett explains. The project is a collab-
oration with the hospital’s Rehabilita-
tion Department, using the Functional
Independence Measure, a recognized
evaluation tool in rehabilitation medicine,
and professional assessments performed
by trained physical therapists.

Although larger-scale research funding
is being sought, the project has already
begun to generate results. Patients are
interviewed by the physical therapist
while still in the hospital. Telephone sur-
veys are conducted 30 and 60 days after
discharge and the therapist conducts
another assessment in the patient's home
90 days after discharge to actually see
how well the patient is able to perform
functional tasks of daily living.

A third target for more advanced qual-
ity measurement in the MICU, palliative
or comfort care, may turn out to be the
most difficult to measure, Matchett says.
The focus of palliative care includes
attention to physical symptoms such as
pain and shortness of breath but also to
the patient’s and family’s social, emotion-
al, and even spiritual concerns — which
makes its impact harder to quantify. “We
see patients die, but was their care appro-
priate, compassionate, and high-quality?”

In 1997 the MICU adopted a palliative
care protocol, developed in consultation
with Lehigh Valley's hospice, palliative
care, and pastoral care departments.
MICU team members have since matured
in their palliative care skills so that they

can provide the needed supportive care
themselves. “We do palliative care well,
but it's all about trust,” Baker says. “With
shorter lengths of stay in the ICU, you
need to develop that trust quickly.”

Given that ICU deaths most often fol-
low discussions and decisions to withdraw
life-sustaining technology, the ICU physi-
cian is the best person to lead that conver-
sation with families because of the intense
bonds of trust that are developed, Matchett
adds. “Once the decision is made to shift to
a palliative approach, the ICU intensivist is
also in the best position to carry it out,”
preserving continuity of care.

The Excitement of
Quality Improvement

“When these doctors came in with their
computer, the nursing department recog-
nized the implications and went out on a
limb by assigning me to data collection
part-time,” Baker says, recalling the MICU
quality program’s origins. “The doctors
said, ‘We are going to improve patients’
care, we're going to do this with evidence,
and we'll all do it together, as a team.”
A former ICU bedside nurse, Baker has
provided consistency to the quality initia-
tive’s data collection from its inception and
now works full-time as program coordina-
tor with responsibilities for research and for
facilitating the MICU's Protocol Committee.

She worked closely with vendor
Space Labs Medical of Redmond, WA, to
improve the program’s computer system.
“It's an amazing phenomenon,” she says.
“It just feeds on itself and takes on a
life of its own. The nurses are fascinated
with the data. Other ICUs at our insti-
tution are getting on our bandwagon.
They've seen how and why it works —
it's very infectious,” Baker says. “To see
the whole process and to be able to con-
tribute to quality improvement is what
makes it all worthwhile.”

Ultimately, Matchett adds, ICUs will
need a more advanced scoring system
for evaluating overall quality of care.
Such a composite system might incorpo-
rate the patient's initial severity of ill-
ness, rates of complications during the
ICU stay and other markers of the effec-
tiveness of care, the patient’s and fami-
ly's perceptions of the experience, and
the long-term recovery of physical func-
tion by the patient.

“We as a profession need to move
beyond 28-day mortality rates. I think
that's starting to happen, with the leader-
ship of groups like the Society for Critical
Care Medicine,” he says. “I have tried to
use scientific methods to measure what
people say is important in critical care,
although it hadn't been measured previ-
ously. If you can measure it, you can do
something about it, and it's no longer just
a vague concept.” W .
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Computer-based quality improvement points to opportunities for

enhancing end-of-life care in a medical 1CU.

An exhibit of large framed photo-
graphs hanging on the walls of the
medical intensive care unit (MICU) at
Rhode Island Hospital in Providence,
RI, mirrors the compassionate, high-
touch care routinely given to critically
and terminally ill patients on the tech-
nologically advanced unit.

Amid the tubes, wires, and monitors
of contemporary intensive care, the staff
strive to care for patients as though they
were members of the family, says the
unit’s medical director, Dr. Mitchell Levy.
At its best, the quality of caring in the
MICU is about professionals behaving
as decent human beings. And the pho-
tographs capture that quality in numer-
ous intimate, caring moments between
staff and the patients and their loved
ones. Pointing to a picture of an ICU
professional gently combing a critically
ill patient’s hair, Levy says, “Caring is in
the details.”

The MICU at Rhode Island Hospital has
been celebrated for the quality of its car-
ing and its emphasis on palliative care at
the end of life as well as for its mastery of
life-saving intensive care and commit-
ment to refining clinical measures of the
results from that care. But those different
aspects of quality are not the separate
realms that many health professionals
have assumed, Levy asserts. In fact, the
quality of the care and the quality of the
caring are two sides of the unit’s underly-
ing commitment to excellence. Both are
made possible by a sophisticated comput-
er system that allows staff to measure and
monitor subtle outcomes of care, he says,
and quality is the common thread.

The Compassionate Care Photography
Project, whose final product hangs on the
MICU's walls, engaged local fine-arts
photographers Bastienne Schmidt and
Philippe Cheng to spend five days on the
MICU at Rhode Island Hospital, freely
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shooting all aspects of living and dying
there. The photos have been exhibited at
national critical care conferences, high-
lighted in educational videos produced by
Ortho Biotech and the Society of Critical
Care Medicine, and included in the pages
of this report.

“We wanted to demystify the ICU.
People forget that there’s a lot more that
goes on in the ICU than the technology,”
Levy says about the project. “To me these
photos are all about compassionate care.
What makes for good care and caring
in the ICU is the human exchange
between the professional caregiver and
the patient.”

The Sickest of the Sick

Rhode Island Hospital, with 719 beds,
belongs to the Lifespan Health System
and is the major teaching hospital for
Brown Medical College, also in
Providence. Levy was hired to direct the
MICU in 1995; he spearheaded its move
the following year into an expanded, 18-
bed ward as well as its growing commit-
ment to evidence-based medicine and
protocol development.

The unit serves “the sickest of the
sick,” including patients with acute respi-
ratory distress syndrome, chronic
obstructive pulmonary disease, pneumo-
nia, and multiple organ system failure. A
significant proportion of the patients are
on mechanical ventilators.

On a rotating basis, Levy and the
unit's four other attending intensivists
assume on-site medical management of
patients on the closed unit. The nurses are
part of a closely knit group that staffs
from within. They have a high job reten-
tion rate and strong traditions both of
supporting each other and of going
beyond the call of duty to support
patients and their loved ones. For exam-
ple, they have been known to buy Christ-

mas gifts for the needy children of a
patient dying on the unit and even con-
tribute to a patient’s burial expenses.

“We have become a family and a com-
munity within ourselves, and we have
learned to rely on each other,” says assis-
tant unit manager Susan Ross. Other
members of the MICU team include the
respiratory therapist, dietician, and phar-
macist, as well as medical residents. “The
heart of our collaborative model is that
we're all patient advocates,” Levy says.

The program’s current evidence-based
culture, which emphasizes monitoring
and reporting adherence to written clini-
cal protocols and includes a number of
active research initiatives, began by
“looking more closely at outcomes in crit-
ical care. Then we built a state-of-the-
art computerized clinical information
system,” working with technology suppli-
ers Hewlett-Packard and Philips Medical
Systems to pilot new data manage-
ment tools, Levy says. Computers in every
room and at the nursing station offer
team members instant access to patients’
complete medical records.

The data are entered on electronic flow
sheets and automatically warehoused in
the unit's relational database, from which
management staff can query a wide vari-
ety of clinical questions on relationships
between any data field and any other.
This access to aggregated information
on actual performance leads to reports,

which are posted on the unit and shared
with staff, to testing and implementation
of new policies and procedures based on
the data, and, ultimately, to improved
quality of care.

“It's very easy to ask a question and
get responses at set intervals,” Ross says.
“As a result, you can track better and start
to see which treatments are being used,
what results they produce, and which
ones work best.” When trends are identi-
fied, she says, the unit can change prac-
tice to continually improve patient care.

The introduction of electronic charting
also led to better compliance with all lev-
els of documentation, adds Donna Haze,
nurse teacher on the unit. Instead of nurs-
es handwriting notes for the chart as an
afterthought to their other duties or hunt-
ing around for a paper medical record,
everything is already lined up on the
computer screen.

In some ways, the process of outcomes
monitoring and compilation that goes on
every day is invisible to nurses working
on the unit because it is seamlessly inte-
grated into their routine charting in the
computerized medical record, Levy says.
“Outcomes reporting is just good care at
the bedside, using the computer to take
what they do anyway and report it auto-
matically” to an aggregated database.

Although the MICU tracks many of
the same clinical outcomes as other ICUs,
its clinical information system quickly
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suggested different possibilities. “With
these new tools we began to realize that
traditional measures of quality, such as
severity-adjusted mortality rates, were
rather one-dimensional. We needed to
dive down more deeply and look at more
subtle aspects of quality,” with the com-
puter’s support, Levy explains.

The Fine Points
of Code Status

For the MICU’s staff, the quality of caring
on the unit for patients who may be at
the end of their lives is inextricably
linked to overall quality of care — and to
opportunities created by the outcomes
monitoring to base changes in care on
the facts. “When we began to recognize
that we could monitor subtle outcomes
and aspects of quality, we realized that
one of the subtle aspects of quality is
end-of-life care,” Levy says.

A key issue in such care is code status,
which is a medical order reflecting the
patient’s preferences regarding invasive
but potentially life-saving treatments,
such as cardio-pulmonary resuscitation
(CPR), under circumstances of advanced,
life-threatening illness. Often, the patient
in the ICU is physically unable to specify
treatment preferences but may have pre-
viously expressed feelings on the subject,
either conversationally or through a legal
mechanism such as a living will or other
advanced directive. If not, the ICU team is
challenged to work with the family to get
a sense of what the patient would have
wanted under the circumstances.

Nurses meet with family members
soon after an admission to the MICU, and
the attending physician meets with them
within 24 hours to clarify code prefer-
ences for the patient. Every day there-
after the issue is reconfirmed, and
changes in code status are charted at

four-hour intervals. Not all patients die
in the ICU, but most often when there is
a change in a gravely ill patient’s code
status, it is from “full code” — do every-
thing medically possible to revive the
patient — to “do not resuscitate” (DNR) if
the patient’s heart stops. DNR orders thus
reflect a recognition that the ICU's life-
sustaining treatments could not restore
this dying patient to health.

The computerized clinical data system
makes it possible to track the time span in
which code status is changed. If such
changes are made within 48 hours of
admission, it might reflect a timely and
meaningful dialogue between the ICU
team and the family. Changes in code sta-
tus that don’t happen until weeks after
admission, on the other hand, might indi-
cate the absence of such dialogue but the
prolonged provision of futile, intensive

treatment. “Two thirds to three-quarters
of code status changes on our unit hap-
pen within 48 hours of admission, which
suggests that we are proactively matching
the level of treatment offered with the
patient’s and family’s wishes,” Levy says.

Actual life-and-death decisions made
on the ICU often are more complex and
nuanced than the public image of “pulling
the plug.” Advances in medical science
have greatly extended the ability to keep
patients alive in the ICU, but can't always
heal them or return them to former levels
of functioning. Even in cases where the
patient’s previously expressed preferences
are known, family members may not
agree with each other or with the medical
team's recommendations.

Sometimes the health care system has
given anxious consumers too many med-
ical choices that can overwhelm thery[ 7 0
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“When we began to recognize that we could monitor subtle
outcomes and aspects of quality, we realized that one of the
subtle aspects of quality is end-of-life care.”

Thanks to television medical dramas such
as ER, Americans are familiar with the
more invasive aspects of chest pounding
and paddle shocks used in CPR., Other
times, just observing the ICU team at
work speaks volumes to loved ones about
the patient's condition. Some families
may opt for not adding any new inter-
ventions but are reluctant to disconnect
treatments already initiated.

“We try to keep the family updated,
50 it’s never a surprise,” says MICU nurse
Beth Fucci about the process leading up
to a decision to withdraw life-sustaining
treatments. Families also need to believe
that everything medically possible has
been done to try to heal the patient
*It's a continuing process. It starts from
the minute the patient arrives on-the
unit. We try to develop a caring, working
relationship for having such conversa-
tions. We’re always up front. We don’t
take away hope, but we're not going to
give false hope.”

Dr. Brian Kimble, an attending physi-
cian on the unit, and his collecagues are
responsible for convening emotionally
charged conferences with families and
staff. Kimble tries to convey the medical
picture to the family, complex though it
may be, while also getting a clearer sense
of their culture and values.

“The way [ phrase it is: ‘Did you ever
have a discussion with your loved one
about what they would want at a time like
this?’ That way, it's not about their own
value judgment - it's about trying to put
themselves in the shoes of the patient and
telling me what that person would have
wanted. It is important for families to not

walk away feeling responsible for the
decision. I try to ease them of any guilt
and remind them that we're not killing
the patient — we're just withdrawing arti-
ficial suppert,” he says.

Such conversations require good inter-
personal skills and respect for families
and their perspectives. “It's as important
as anything I do to manage the patient’s
care, and [ think I'm pretty good at it,”
Kimble says. “The biggest wrinkle is that
we don't really know what's geing to
happen to this person. Sometimes it gives
me pause, and it makes me humble. 1 real-
ize that I'm not God and I don't have all
the answers.”

What is End-of-Life
Care in the ICU?

“When [ think about end-of-life care in
the ICU, it's about providing a level of
care that is compassionate and responsive
and that helps patients — whether or not
they survive,” Levy says. “Caregivers need
to be brave enough to talk with families

in a direct and honest way and build a -

relationship of trust. The first time [ talk
to the family should not be to say, 'l want
to turn the machine off."

Although some patients die in the ICU
despite the team’s best efforts, their fami-
lies will survive and remember for the rest
of their lives the care given to their loved
one, Levy says. “No one can take that
pain away — only time can. But we can
not make it worse, and not making it
worse, in and of itself, can be healing.”

The focus on quality end-of-life care

in the MICU reflects important trends in
ICUs — which are the setting for approxi-
mately one-fifth of all deaths. The nation-
al movement to improve care at the end
of life originated outside of the ICU set-
ting, pﬂmaﬁly in specialized hospice and
palliative care programs. However, in the
past four or five years, ICtls have begun
paying more attention to issues of death
and dying, says Levy, who chairs a
national ICU End-of-Life Peer Workgroup
sponsored by The Robert Wood Johnson
Foundation.

The priority placed on caring at the
end of life in the MICU at Rhode Island
Hospital can be seen in other policies
such as 24-hour open visiting privileges
and the availability of a quiet family
room, which is often used for the conver-
sations about treatment decisions. Fami-
lies are encouraged by staff to observe
medical treatments and sometimes to
wipe the patient's brow or hands with a
damp cloth. A family support team is

.available to meet with family members at

the bedside to offer practical, emotional,
and spiritual support for coping with the
patient’s iliness.

Ross says the unit’s focus on end-of-
life care is “only at the tip of the iceberg.
There's so much more we can tap inte —
even just figuring out what to measure,
and opportunities to think about what
we're doing — how to restructure our
practice and protocolize end-of-life care,
Talking about compassionate end-of-
life care in the ICU is a recent trend in
health care. Although we think we're
doing a lot on this unit, I bet we can do
so much more.” &
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Restorin

Profoundly Brain-Injured Patients

Mission Hospital

Regional Medical Center
MISSION VIEJO, CA

A multidisciplinary,
multispecialty, evidence-
based gquality improvement
initiative transforms the
treatment of severe,

traumatic brain injuries.

In 1995, the Brain Trauma Foundation
and the American Association of Neuro-
logic Surgeons (AANS) issued a compre-
hensive set of national clinical guidelines
spelling out optimal treatment for severe
head injuries. The evidence-based guide-
lines, which scrupulously analyzed and
ranked research in the medical literature
based on its scientific validity, directly
contradicted a number of long-estab-
lished medical tenets. The majority of U.S.
hospitals have yet to adopt the guidelines,
which were revised in 2000.

But one unit that embraced the clini-
cal and management challenges posed by
the AANS guidelines is the surgical inten-
sive care unit (SICU} at 331-bed Mission
Hospital Regional Medical Center, a Level
Two Community Trauma Center in
Mission Vigjo, CA. After carefully crafting
and implementing its own “Clinical
Guidelines for the Management of Severe
Traumatic Brain Injury™ (TBI), based on
the AANS document and subsequent
medical research, the SICU has posted
extraordinary improvements in treating a
condition that too often results in demor-
alizingly bad outcomes.

g

GUIDELINES LEAD

CLINICAL

TO DRAMATIC

IMPROVEMENTS

IN OUTCOMES

In the three-and-a-half years before
Mission Hospital adopted its TBI guide-
lines in June 1997, 43 percent of severely
brain-injured patients died, 30 percent
ended up with severe disabilities or in a
persistent vegetative state, and 27 percent
experienced a good outcome or only
moderate disabilities. While those num-
bers were not out of line with national
averages for the treatment of TBI, the out-
comes were not acceptable to the trauma
team at Mission.

Within a year after its new guidelines
were adopted, the proportion of the
SICU’s severe TBI patients achieving good
outcomes or only moderate disabilities
shot up to 64 percent. Cumulative figures
for severely brain-injured patients in the
four-and-a-half years since implementa-
tion show a mortality rate of 12.6 percent,
with 11.6 percent having severe disabili-
ties and 75.8 percent having good out-
comes or moderate disabilities — and the
proportion achieving good outcomes con-
tinues to rise. To state these accomplish-
ments another way, since the guidelines
were adopted at Mission, TBI patients
have nearly nine times greater.odds of a
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good outcome from treatment than equal-
ly injured patients prior to the guidelines
— with no significant differences between
the groups in other variables that might
explain away the results.

The 12-bed SICU, which is consistent-
ly full, also cares for patients with other
traumatic injuries, as well as critical sur-
gical patients. About 400 brain trauma
patients are admitted to Mission Hospital
each year and 30 to 40 of them are clas-
sified as severely injured. That typically
mandates a prolonged, medically induced
coma on a mechanical ventilator on the
SICU to give the brain a chance to heal
and the use of detailed, multidisciplinary
treatment algorithms for every phase of
the patient’s hospital course.

The program begins even before a
patient is admitted, with a radio call
from an incoming paramedic to initiate
the trauma protocol. A “trauma bell”
rings overhead in the hospital, and a SICU
nurse is assigned to meet the patient in
the emergency room — which has special
intake procedures for severe TBI admis-
sions. The trauma nurse follows the
patient to the operating room for emer-
gency surgery and then to the ICU.

The SICU's TBI outcomes are attrib-
uted to the program’s firm foundation on
the best scientific evidence for treating
severe brain injuries and the willingness
of professionals at Mission Hospital to
embrace new approaches to treatment —
even when they diverge significantly
from conventional methods. That open-
ness, in turn, reflects the hospital’s over-
all culture of professional collaboration,
says neurosurgical clinical nurse special-
ist Mary Kay Bader, who spearheaded
implementation and maintenance of the
SICU's TBI quality improvement process.

Other trauma team members say that
Bader’s presence, advocacy, and coalition-
building have been essential to the pro-
ject’s success. “Mary Kay brought some-
thing very unique to this hospital, and she
has made a huge impact in how we treat
TBI. She instilled the passion in me,” says
Mission Hospital's CEQ, Peter Bastone.

“I see my role as a bridge — as point
person. It's my job to get the whole pro-

cess to flow,” Bader relates. She func-
tions in the role of clinical nurse spe-
cialist, a specially trained advanced
practice nurse who deals with manage-
ment and quality issues as well as clini-
cal responsibilities. “Most days I spend
the entire morning rounding, meeting
with families, going to the ER, having
occasional meetings, and doing educa-
tion for SICU staff and for other nurses
throughout the hospital.”

How the Program
Came About

Bader worked with physician champions
to design the SICU’s new approach to
treating TBI, including leaders from the
trauma surgery and neurosurgery groups
that share medical management of TBI
patients on the SICU. The original nucle-
us included neurosurgeon Dr. Sylvain
Palmer, trauma surgeons Drs. Thomas
Shaver and Marcello Borzatta, and trau-
ma coordinator Connie Stalcup.

They assembled a 25-member quality
improvement committee that included
representatives from the neurosurgery
and trauma surgery groups, anesthesiolo-
gists, pulmonary intensivists, nurses, and
other professionals. They studied the liter-
ature and hammered out draft guidelines
based on research data, quality models
and templates, and chart reviews by
Bader. The committee utilized a nine-step
methodology commonly used in continu-
ous quality improvement in devising the
program and the guidelines.

“You need champions from every piece
of the partnership, and we had a quality
process that we stuck to in terms of vali-
dating and re-validating our work,” relates
SICU director Mark Sevilla. “We based our
work on the scientific research. Each con-
stituent group was allowed to figure out
how to do its own part of the program —
but it had to be based on the evidence.”
When there were problems or variances,
the group went back and critically reeval-
uated and revised the process, he says.

“In our training as surgeons and neu-
rosurgeons, we were taught ad nauseum

to dehydrate and hyperventilate the
brain-injured patient in order to shrink
the brain,” thereby staving off secondary
brain injuries caused by excessive
swelling, Borzatta relates. That conven-
tional approach, which had the goal of
allowing the brain to heal by minimizing
swelling and decompressing brain lesions,
failed to account for its effect on cerebral
oxygenation, the amount of oxygen the
brain is receiving.

When the AANS panel examined the
medical evidence, it reached very dif-
ferent conclusions at a time when new
advances in monitoring brain tissue
oxygenation levels made an alternate
approach to brain resuscitation possible.
Monitoring brain oxygen metabolism in
the SICU today is done with the LICOX
brain tissue oxygen monitor or a jugular
bulb oxygen saturation catheter.

The essence of the new approach,
Bader says, lies in “making sure we deliv-
er enough blood and oxygen to the brain.
Oxygen to me is the final pathway — the
brain needs its oxygen to work.” But there
is a fine balancing act, making sure that
intracranial pressure (ICP) doesn’t get too
great by closely tracking it through ICP

Surgical Trauma ICU at Mission Hospital.
(From right to left) Mary Kay Bader,
Neuroscience Clinical Nurse Specialist; Dr.
Sylvain Palmer, Neurosurgeon; and Margie
Whittaker, Nurse Manager SICU. (Photo
courtesy of Mission Hospital)




needles stuck into the skull. For some
patients, a craniectomy is needed — tem-
porarily removing a piece of the skull to
reduce the pressure.

“Qur job is to keep the patient in the
‘zone! If one of the parameters gets too
high or too low and the patient falls out of
the zone, our guidelines contains standard-
ized algorithms that we want the nurses to
follow at the bedside to bring the patient
back into the zone,” Bader explains.

The Real Impact
of the Guidelines

Today the SICU and its TBI program are
recognized as a center of excellence with-
in the hospital and its parent St. Joseph
Health System and celebrated for their
achievements. In 2000, the program re-
ceived the prestigious Codman Award for
exemplary quality improvement from the
Joint Commission on Accreditation of
Healthcare Organizations.

But to fully appreciate the impact of
the TBI guidelines, trauma team members
say, you would need to see how gravely
injured the patients are during their criti-
cal first 24 hours in the SICU. Watching
the extent of their recovery has motivat-
ed SICU team members — and the whole
hospital — to extend themselves in mak-
ing the process work better, Bader says.
And their job satisfaction is reflected in a
nursing turnover rate on the SICU of only
1.25 percent.

Nurse manager Brian Noakes says
he was sold on the program the first time
a severely brain-injured patient, whose
recovery he had more or less written off
based on past experience, started walk-
ing and talking and then returned to a
normal life. Adds respiratory therapist
Julie Petras, “It only takes one case like
that — and we've had a lot of those cases.
We had to learn to look at them in a
whole different way.”

Dr. James Cushing, medical director of
the Acute Rehabilitation Unit at Mission,
which often is the next stop for the most
severely brain-injured patients when they
“graduate” from the SICU, recalls a 16-

year-old skateboarder who surprised
everyone by recovering after smashing
his head on the ground without wearing
a helmet. “It was such a profound injury.
When I saw him in the ICU, only mini-
mally responsive, I'm afraid I was some-
what pessimistic about his prospects with
the family, tell