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what it takes to connect.

ÁWHYPATIENTCAREDEVICEDATAAREESSENTIALTOTHESUCCESSOF

CLINICALDECISIONSUPPORTSYSTEMS(CDSS)

ÁHOWCLINICALWORKFLOWISIMPROVEDTHROUGHPATIENTCAREDEVICE

INTEROPERABILITY

ÁWHYTHECHANGINGFACEOFCAREDELIVERYRECOGNIZESTHEESSENTIAL

VALUEOFPCDI
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OBJECTIVES
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what it takes to connect.
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THEFUTURE?

WEHAVESEENTHEFUTURE, ANDIT ISPCDI!
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what it takes to connect.

Á IN THELAST10 YEARS, WEHAVESEEN

Ò IT IMPROVEAUTOMATION& WORKFLOWAMONGPATIENTS, PROVIDERS& PAYERS

Ò IMPROVEMENTSIN ACCURACYOFDATACOLLECTED, ITSUSEIN REDUCINGERRORS, 
ANDEVIDENCETHATBYEXPANDINGITSUSESOMEOFFSETISGAINEDAGAINSTTHE

RISINGCOSTSOFHEALTHCARE

Ò AN EVOLUTIONOFINTEROPERABILITYSTANDARDSTOSUPPORTFULLY-FUNCTIONING

EMRSACROSSTHEHEALTHCAREENTERPRISE

Ò THEPROMISETHATIT CANTAPINTOTHEPOTENTIALOFPREVENTATIVEMEDICINE
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THEEVOLVINGFACEOFIT & HEALTHCARE
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what it takes to connect.

Á IN THELAST5 YEARS, WEHAVESEEN

Ò THEUSEOFREMOTECONSULTATION& EXPANDINGTELEHEALTHSERVICES

Ò EXPANDINGUSESOFIT IN SUPPORTOFMODALITIESSUCHASUS, CT, MR, XR AND

PET TOSUPPORTBEDSIDECLINICALDECISIONMAKINGWITHBREAST, LUNG, PROSTATE, 
BONE, ANDMANYOTHERMALIGNANCIES

Ò EXTENSIVEUSEOFELECTRONICPRESCRIPTIONSANDMEDICATIONRECONCILIATION

Ò ELECTRONICGUIDELINESANDEVIDENCE-BASEDTREATMENTUSINGTHELATESTDATA

AVAILABLEFROMCLINICALSTUDIES
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THEEVOLVINGFACEOFIT & HEALTHCARE
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what it takes to connect.

Á IN THELAST2 YEARS, WEHAVESEEN

Ò ADVANCESIN IT SECURITY, ANDRELIABILITYENABLINGREMOTEROBOTICSURGERIES

ANDREMOTEINTERVENTIONSATTHEPOINTOFCARE

Ò MOREDIRECTEDFOCUSONPATIENTANDBIOMEDICALDEVICEDATAINTEGRATION

WITHINTHEHOSPITALENVIRONMENTASANACCEPTEDANDEVENEXPECTED

STANDARDPRACTICE

Ò MOREACCEPTANCEANDUSEOFCOMPUTERIZEDPRACTITIONERORDERENTRY

TECHNOLOGIESANDOTHERCLINICALDECISIONMAKINGMETHODOLOGIESTOASSISTIN

GUIDINGSTANDARDSOFCARE

Ò AN INCREASINGPEDIGREEOFTECHNOLOGICALSTANDARDSRELATEDTO

INTEROPERABILITY, NOTJUSTATTHEDEVICELEVELBUTTHROUGHOUTTHE

HEALTHCAREENTERPRISE
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THEEVOLVINGFACEOFIT & HEALTHCARE
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THEEVOLVINGFACEOFIT & HEALTHCARE

ÁWHATWILLWESEEINнΧ рΧ мл YEARS?

SURGERIESASSISTEDFROMΧACROSSTHE

GLOBE
ICU PATIENTSMANAGEDFROM

CLINICIANSΧANYWHERE?

CHEMOTHERAPYΧATHOME?TUMORBOARDSSTAFFEDΧFROM

AROUNDTHEGLOBE?

DO-IT-YOURSELFGENOMEKITS

FROMTHELOCALDRUGSTOREFOR

<$10?

PATIENTCAREDEVICESTHATCOMMUNICATE

WITHONEANOTHERTOSUPPORTREAL-TIME

DECISIONMAKING?
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what it takes to connect.

ÁEVOLUTIONFROMEPISODICTOCONTINUOUSMONITORING

PROMOTESMOREHOLISTICVIEW

ÒTRENDSBECOMEVISIBLEOVERLONGTERM

ÒEXPOSUREOFINDIVIDUALLYUNINTERESTINGEVENTS, ONCE

INTEGRATED, PROMOTEEARLIERDETECTIONOFUNDERLYINGPROBLEMS

ÁPATIENTCAREDEVICEDATAAREKEYTOCONTINUOUS

TRENDING

ÒFROMICUFLOWSHEETSTOPHR, EVIDENCEEXISTSTODEMONSTRATE

BENEFITS

ÒA KEYENABLERTOTHEOVERALLPROCESSOFCLINICALDECISION

MAKING

8

BETTERINFORMATIONUNDERGIRDSBETTERCARE

Source: Robert LitanΣ ά±ƛǘŀƭ {ƛƎƴǎ ±ƛŀ .ǊƻŀŘōŀƴŘΥ wŜƳƻǘŜ IŜŀƭǘƘ aƻƴƛǘƻǊƛƴƎ ¢ǊŀƴǎƳƛǘǎ {ŀǾƛƴƎǎΣ 9ƴƘŀƴŎŜǎ [ƛǾŜǎέ hŎǘƻōŜǊ нпth, 2008. Pages 7-8
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what it takes to connect.
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MEANINGFULUSE

Medical device 
interoperability

Manage chronic conditions 
ǳǎƛƴƎΧŘŜŎƛǎƛƻƴ ǎǳǇǇƻǊǘΦ

Provide CDS at PoC

Apply CDS at 
PoC
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what it takes to connect.

ÁwŜŦŜǊǎ ǘƻ άΧŀƴȅ ŎƻƳǇǳǘŜǊ ǇǊƻƎǊŀƳ ŘŜǎƛƎƴŜŘ ǘƻ ƘŜƭǇ 
ƘŜŀƭǘƘŎŀǊŜ ǇǊƻŦŜǎǎƛƻƴŀƭǎ ƳŀƪŜ ŎƭƛƴƛŎŀƭ ŘŜŎƛǎƛƻƴǎ Χ ŀƴŘ 
present stakeholders with actionable, timely knowledge to 
ŜƴƘŀƴŎŜ ǉǳŀƭƛǘȅ ƻŦ ŎŀǊŜΧέ 1

ÁLƴŎƭǳŘŜǎ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŦƻǊƳǎΣ ƳŜǘƘƻŘƻƭƻƎƛŜǎΧ2

Ò Guidelines

Ò Rules

Ò CDS intervention (e.g.: alerts, reminders, order sets)

Ò Knowledge management tools

3/31/2010 Avoiding the Accidental Architecture - Copyright ©2010 Capsule Technologies 10

Clinical Decision Support Systems

1Source: ShortliffeΣ ά.ƛƻƳŜŘƛŎŀƭ LƴŦƻǊƳŀǘƛŎǎΥ /ƻƳǇǳǘŜǊ !ǇǇƭƛŎŀǘƛƻƴǎ ƛƴ IŜŀƭǘƘ /ŀǊŜ ŀƴŘ .ƛƻƳŜŘƛŎƛƴŜΦέ оŘ 9ŘΦ ϭ нллсΦ {ǇǊƛƴƎŜǊ {ŎƛŜƴŎŜ Ҍ .ǳǎƛƴŜǎǎ Media. Page 
700.
2Source: AHRQ National Resource Center for HIT (EichnerΣ 5ŀǎύΣ έ/ƘŀƭƭŜƴƎŜǎ ŀƴŘ .ŀǊǊƛŜǊǎ ǘƻ /ƭƛƴƛŎŀƭ 5ŜŎƛǎƛƻƴ {ǳǇǇƻǊǘ ό/5{ύ 5ŜǎƛƎƴ ŀƴŘ LƳǇƭŜƳŜƴǘŀǘƛƻƴ 
9ȄǇŜǊƛŜƴŎŜŘ ƛƴ ǘƘŜ !ƎŜƴŎȅ ŦƻǊ IŜŀƭǘƘŎŀǊŜ wŜǎŜŀǊŎƘ ŀƴŘ vǳŀƭƛǘȅ /5{ 5ŜƳƻƴǎǘǊŀǘƛƻƴǎέ aŀǊŎƘ нлмл
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CAN WIDESPREADREMOTEMONITORINGCUT

CHRONICCARECOSTSBY~$200B1 ?

Condition Estimated 25-Yr Cost 
Saving

Congestive HeartFailure 
(CHF)

$102.5B

Diabetes $54.4B

ChronicObstructive 
Pulmonary Disease (COPD)

$24.1B

ChronicSkin Ulcers $16B

1Tim Rowan reporting on AT&T Study, and conducted by Brookings Institution 
economist Robert Litan. Study presented by Better Health Care Together 
Coalition.

ά{ŀǾƛƴƎǎ ƭŀǊƎŜƭȅ ŀǘǘǊƛōǳǘŀōƭŜ 
ǘƻ ōŜǘǘŜǊ ƳŀƴŀƎŜƳŜƴǘΧ 
because widespread 
ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ Χ ƳŜŀƴǎ ƪŜȅ 
vital signs can be transmitted 
to a caregiver or data center 
in real-time and trigger 
instant alerts when readings 
change in a medically 
ŘƛŦŦŜǊŜƴǘ ǿŀȅΦέ
--Robert Litan, Page 2.

Patients with chronic illness account for ~80% of increases in 
Medicare costs

-Lisa Remington, 2008 MegaTrendsPredictions and Forecasts Across the Healthcare Delivery System  (Jan/Feb 2008)
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CHRONICDISEASESWHOSEMANAGEMENTIS

AIDEDBYPCDI

Condition Parameters Typically 
Measured

Benefit

CongestiveHeart Failure 
(CHF) and Coronary Artery 
Disease (CAD)

Regular measurement of 
weight, blood pressure, 
pulse, blood oxygenation, 
Holtermonitors

Regular measurement & 
evaluation providesholistic 
view of dangerous trends, 
including weight gain due 
to fluid retention
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CHRONICDISEASESWHOSEMANAGEMENTIS

AIDEDBYPCDI

Condition Parameters Typically 
Measured

Benefit

CongestiveHeart Failure 
(CHF) and Coronary Artery 
Disease (CAD)

Regular measurement of 
weight, blood pressure, 
pulse, blood oxygenation, 
Holtermonitors

Regular measurement & 
evaluation providesholistic 
view of dangerous trends, 
including weight gain due 
to fluid retention

Chronic Obstructive 
Pulmonary Disease (COPD)

Decreased lung function, 
principally due to 
bronchitis, emphysema. 
Regular measurement of 
forced expiratory volume in 
one second (FEV1) and vital 
capacity (FVC)

Regular trending and 
evaluationby home health 
nursing can enable 
intervention prior to 
exacerbations 
(hospitalizations)
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CHRONICDISEASESWHOSEMANAGEMENTIS

AIDEDBYPCDI

Condition Parameters Typically 
Measured

Benefit

Diabetes Mellitus Blood sugar measurement
and management, along 
with secondary calculations 
such as A1c, weight, blood 
pressure

Regular measurement & 
evaluation providesholistic 
view of dangerous trends in 
glucose levels, weight gain
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CHRONICDISEASESWHOSEMANAGEMENTIS

AIDEDBYPCDI

Condition Parameters Typically 
Measured

Benefit

Diabetes Mellitus Blood sugar measurement
and management, along 
with secondary calculations 
such as A1c, weight, blood 
pressure

Regular measurement & 
evaluation providesholistic 
view of dangerous trends in 
glucose levels, weight gain

Skin & Pressure Ulcers Remote video, blood 
pressure, weight, wound 
photography

Remote evaluation 
mitigates need for patient 
to make uncomfortable 
trips to offices and allows
for more regular 
assessment and, if 
necessary, intervention
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SEPSISANDRELATIONSHIPTOHEARTRATE

VARIABILITY(HRV)
Á SEPSISW/ ACUTEORGANDYSFUNCTIONIS

LEADINGCAUSEOFDEATHIN NON-CORONARY
ICU; ACCOUNTINGFORMORETHAN750,000 
DIAGNOSEDCASESIN US ANNUALLY1,2,3

Á SEPSIS-INDUCEDORGANDYSFUNCTIONDUETO
SEVERALSOURCES, INCLUDINGINDUCED
HYPOTENSIONANDDIFFUSEINTRAVASCULAR
COAGULATION.

Á HRV GOVERNEDTHROUGHSYMPATHETIC& 
PARASYMPATHETICBRANCHESOFAUTONOMIC
NERVOUSSYSTEM

Á REGULATIONOFBEAT-TO-BEATFREQUENCYIS
ACCOMPLISHEDTHROUGHPRIMARY
PACEMAKER: SINOATRIALNODE

Á CLINICALSTUDIESHAVESHOWNRELATIONSHIPS
BETWEENCHANGESIN HRV ASHERALDING
ONSETOFSEPSISBLOODBORNEINFECTIONSIN
ADULTS4

http://biology.about.com/library/organs/heart/blsinoatrialnode.htm

1 MedScapeToday; 2http://www.procalcitonin.com/default.aspx?tree=_2_0&key=intro1 ; 
3http://www.survivingsepsis.org/Pages/default.aspx
4Saif !ƘƳŀŘ Ŝǘ ŀƭΦΣ ά/ƻƴǘƛƴǳƻǳǎ aǳƭǘƛ-tŀǊŀƳŜǘŜǊ IŜŀǊǘ wŀǘŜ ±ŀǊƛŀōƛƭƛǘȅ !ƴŀƭȅǎƛǎ IŜǊŀƭŘǎ hƴǎŜǘ ƻŦ {ŜǇǎƛǎ ƛƴ !ŘǳƭǘǎΦέ PLoSONE, August 
2009 | Volume 4 | Issue 8
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SIGNIFICANCE:  ONSETOFSEPSISCORRELATEDTO

HRV IN CONTINUOUSLYMONITOREDADULTS

(AHMADETAL) 

Á24 HOURHOLTERMONITOROFPATIENTSUNDERGOINGBONEMARROW

TRANSPLANTS(BMT),
Ò HIGH-RISKGROUPOFPATIENTS, OWINGTO HIGHRISKOFINFECTION(80%) & 

MORTALITY(5%)

Ò START1 DAYPRIORTOBMT, CONTINUINGTHROUGHRECOVERYORWITHDRAWAL

Ò HOLTERMONITORING: ZYMEDDIGITRACK-PLUS

ÁMONITOREDRR INTERVALSOFNORMALSINUSRHYTHM(NSR) BEATS

Saif!ƘƳŀŘ Ŝǘ ŀƭΦΣ ά/ƻƴǘƛƴǳƻǳǎ aǳƭǘƛ-tŀǊŀƳŜǘŜǊ IŜŀǊǘ wŀǘŜ ±ŀǊƛŀōƛƭƛǘȅ !ƴŀƭȅǎƛǎ IŜǊŀƭŘǎ hƴǎŜǘ ƻŦ {ŜǇǎƛǎ ƛƴ !ŘǳƭǘǎΦέ PLoS
ONE, August 2009 | Volume 4 | Issue 8

4/28/2010

RR Interval
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ÁBaseline HRV as mean variability for first 24H

ÁOnset of sepsis: systemic inflammatory response syndrome 
(SIRS) w/ clinically suspected infection requiring treatment

Á17 patients of 21 Completed Study.
Ò 14 patients developed sepsis, requiring antibiotic therapy

Ò 12 of 14 infected patients (86%) showed 25% drop in HRV 35 hours (ave) 
prior to sepsis onset

Ò Infected population showed drop in HRV from 24-120 hours

Ò No significant drop represented in non-infected population

ÁPromising: onset correlation determination made using 
simple measurements typically available w/o expensive lab 
tests

18

KEYSTUDYFINDINGS
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MANAGEMENTOFSPONTANEOUSBREATHING

TRIALSIN POST-SURGICALCABG PATIENTS
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SIGNIFICANCE: WHEN TO EXTUBATE

(ZALESKI)

Parameter Threshold Value/Range

Vital Capacity, Vc > 10mL/kg

Positive End-Expiratory 
Pressure, PEEP

5 cm H2O

Negative Inspiratory Force, NIF -20 cm H2O

Inspired Oxygen Fraction, FiO2 < 0.6

Spontaneous Tidal Volume, Vt > 5 mL/kg

Spontaneous Respirations 8 < fR< 30

Blood Alkalinity/Acidity 7.32 < pH < 7.48

Partial Pressure of Oxygen, PO2 > 80 mmHg

Partial Pressure of Carbon 
Dioxide, PCO2

30 mmHg < PCO2 < 50 mmHg

Normal Body Temperature, 
Tcore

~37 C

Ventilation Mode CPAP

0
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20

25

30

35

40

45

0:00:00 2:24:00 4:48:00 7:12:00 9:36:00 12:00:00

Rf

Mandatory

Spontaneous
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SIGNIFICANCE: WHEN TO EXTUBATE

(ZALESKI) 

Parameter Threshold Value/Range

Vital Capacity, Vc > 10mL/kg

Positive End-Expiratory 
Pressure, PEEP

5 cm H2O

Negative Inspiratory Force, NIF -20 cm H2O

Inspired Oxygen Fraction, FiO2 < 0.6

Spontaneous Tidal Volume, Vt > 5 mL/kg

Spontaneous Respirations 8 < fR< 30

Blood Alkalinity/Acidity 7.32 < pH < 7.48

Partial Pressure of Oxygen, PO2 > 80 mmHg

Partial Pressure of Carbon 
Dioxide, PCO2

30 mmHg < PCO2 < 50 mmHg

Normal Body Temperature, 
Tcore

~37 C

Ventilation Mode CPAP
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FiO2 (%)

Patient Care Device Interoperability Enabling Clinical Decision Making ςCopyright © 2010 Nuvon



what it takes to connect.

ÁMulti -parameter trending suggests earlier attempts at 
weaning to be successful
Ò Readiness to wean possible to determine upwards of 30 minutes in 

advance in many fast-track patients

ÁData available from basic physiologic, ventilator 
management are essential to process
Ò Notifications to respiratory therapy, nursing key to managing efficient 

workflow

Ò Enable compliance monitoring of data collected relative to approved 
guidelines

22

Key Study Findings

4/28/2010

WƻƘƴ ½ŀƭŜǎƪƛΣ άaƻŘŜƭƛƴƎ {ǇƻƴǘŀƴŜƻǳǎ aƛƴǳǘŜ ±ƻƭǳƳŜ ƛƴ /ƻǊƻƴŀǊȅ !ǊǘŜǊȅ .ȅǇŀǎǎ DǊŀŦǘ tŀǘƛŜƴǘǎΥ ! aŜǘƘƻŘ ŦƻǊ ǇǊŜŘƛŎǘƛƴƎ 
{a± ǘǊŀƧŜŎǘƻǊȅ ƛƴ ǇƻǎǘƻǇŜǊŀǘƛǾŜ ǿŜŀƴƛƴƎΦέ L999 9a.{ bƻǾŜƳōŜǊκ5ŜŎŜƳōŜǊ мффт
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Á ARCHITECTURESTHATPROVIDEACCESSFROMBEDSIDETOPROVIDER, 
ANYWHERE

Ò SPONTANEOUSBREATHINGTRIALS, HOLTERMONITORING

Ò GLUCOSE, BLOODPRESSURE, O2SAT

Á ACHIEVINGTRUSTED, RELIABLE, AVAILABLECONNECTIVITYISNECESSARYFIRST

STEPTOENSURESEAMLESSACCESS

Ò AT HOME, ALLDEPARTMENTS, WARDS, 

Ò ASSISTEDLIVINGANDLONG-TERMNURSINGENVIRONMENTS

Á CHALLENGEBECOMESONEOFSYSTEMSOFSYSTEMSARCHITECTUREDESIGN

Ò CONNECTIVITY

Ò COMMONVOCABULARIES, TERMINOLOGY

Ò IMPLEMENTATIONWITHINCONTEXTOFEXISTINGWORKFLOW, GUIDELINESENGINES

23

CROSS-ENTERPRISECONNECTIVITYISESSENTIAL
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CONNECTIVITYEXAMPLE: SURGICALAREAS

4/28/2010

ANESTHESIA SYSTEMS

Device 
Intermediary

Vitals, gases, respiratory, etc.

Queries, Identifiers, etc.

Gateway or 
Concentrator

Interface 
Server

EMR, Rx, 
Departmental 

CIS

ADT, Rx

HL7 R01
Vitals, gases, respiratory, etc.

Queries, Identifiers, etc.

SPECIALTY MONITORS
(ETCO2, BISPECTRAL INDEX, CARDIOPULMONARY BYPASS, ETC.)

Device 
Intermediary

Observations, Measurements

Queries, Identifiers, etc.

Queries, Identifiers, etc.

Observations, Measurements Communicate through existing 
anesthesia machines or device 

intermediaries

Patient Care Device Interoperability Enabling Clinical Decision Making ςCopyright © 2010 Nuvon
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CONNECTIVITYEXAMPLE: SURGICAL& MEDICAL

INTENSIVECARE

4/28/2010

ICU MONITORING SYSTEMS

Gateway or 
Concentrator

Measurements, Observations

Identifiers, Labs

INFUSION SYSTEMS
Formularies, Identifiers

Volume delivery, dosing

Gateway or 
Concentrator

Interface 
Server

EMR, Rx, 
Departmental 

CIS

ADT, Rx

HL7 R01

Interface 
Server

ADT, etc.

HL7 R01

EMR, 
Departmental 

CIS

MECHANICAL VENTILATION, SPECIALTY MONITORING

Device 
Intermediary

Observations

Queries, Identifiers, etc.

Interface Server

ADT, etc.

HL7 R01

EMR, Departmental 
CIS

Patient Care Device Interoperability Enabling Clinical Decision Making ςCopyright © 2010 Nuvon
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CONNECTIVITYEXAMPLE: POST-SURGICALWARDS, 
SOMEEDS

4/28/2010

INFUSION SYSTEMS
Formularies, Identifiers

Volume delivery, dosing

Gateway or 
Concentrator

Interface 
Server

EMR, Rx, 
Departmental 

CIS

ADT, Rx

HL7 R01

SPOT VITAL SIGNS MONITORING, BEDS

Gateway or 
Concentrator

Interface 
Server

ADT, etc.

HL7 R01

EMR, 
Departmental 

CIS

Device 
Intermediary

Observations

Queries, Identifiers, etc.
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CONNECTIVITYEXAMPLE: HOMEHEALTH, ASSISTED

LIVING

4/28/2010

BLOOD PRESSURE

WEIGHT SCALES

BLOOD GLUCOSE

SPIROMETERS

Device 
Intermediary

Observations

Queries, Identifiers, etc.

Interface 
Server

ADT, etc. HL7 R01

PHR, Primary 
Care EMR

ΧŀƴŘ Ƴŀƴȅ ƳƻǊŜ ŘŜǾƛŎŜǎ ǘƻ ŎƻƳŜ
HOLTER MONITORING
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