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Problems in critical care

- Environmental conditions
give rise to neurological
complications

- Non-actionable alarms
endanger patient safety
and staff health

« HAI, sepsis

+ Deteriorations often missed
« Re-admissions

» LOS decreases
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What will the
future bring?

- Working conditions of clinical staff N
- Value/outcome based financing ~

- HAl more of a problem

- Information overload of clinicians =

- Acquisition and retention of
qualified staff =

- LOS N
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Hospital of the future?

Sebme

_ Data in the ICU of the Future
Society of

| Crltlca| Care MediCiNe  2013-6 December - The Icu of the Future
G2S R2 y20 YSSR FdzNI KSNJ
achieve the ICU of the future. Medicine simply

needs to apply technologies that have been successfully

utilized in other fields, such anance or aviation.
Data availability, both from medical devices and from
clinical information systems that capture data, is the

OATISald oF NNASNJ 2 LINR3AN

http://www.sccm.org/Communications/Criticaonnections/Archives/Pages/Daitathe-ICUof-the-Future.aspx
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Information GUEReE!
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Errors and mistakes

Study in 70 ICUs and >1.300 Patiénts
daSRAOFT SNNERNHE 2O0O0dzZNNBR
mortality was 3 fold greatek y* LJI U 0 &

Observation studi
0654 errors and over 200 serious errors in a single ICU over a 4 month period
with an average ofl..7 errors per day per patierth Yy G KS L/ | ®é

Simulation studié&
Ghytée nm: 2F LI GASYUd LINRPOf SYa 2NJ SNNEN

AAAAAAA

[2] DonchinY, et al‘A look into the nature and causes of human errors in the intensive caré Uik G A OF £ OF NB YSRAOAYS MMpdpEI HOOHOYHGNTO
[3] March CA et allUse of simulation to assess electronic health record safety in the intensive care unit: a piloBMddypen 2013, 3(4)
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Errors and mistakes: contributing factors

AHugeprocessing overload
AConsolidation of data from various sources

Alnformation overload

[1] Gong 2015
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|>o
Errors and mistakes: contributing factors

ICU Patients have >1000 data points to review each day (excluding vital signs)

Patient monitors IV pumps
Nursing observational data Ventilator
Medication administration Medication orders

Microbiology Labs

Intake / Outputs Care orders

Clinical notes Radiology

PHILIPS

[1] Gong 2015



Detecting deteriorations early and avoid/identify
errors when your IT system looks like this
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Unit: MICU Born: XXX
0 (R XXXXX XXXXX BedID: 15 Age:
Home: 30000 Gender:  Female
Problem List: " |[Procedures: — T =
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1. Sepsis, Gl from coliis @ Lab  Med 4 | camicu N/A RASS 4 OR -5 MRI Head N/A
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s Aofm TVNASYY SO Procedures/Notes: Nrianéatinn ADAIICADIE | EEG N/A
Notes: Operative Notes: ATTENDING PALLIATIVE CARE INITIAL | FENTANYLCL.. 25 MICROGRAM | | =mic N
ATTENDING CCM PROGRESS NOTE - 02/27/2015 20:09 CNSLT NOTE - 02/27/2015 13:13:00 S A
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Consolidate data into meaningful information

Does it work?

Reduced cognitive load Reduced errors
(happy clinicians) (happy patients)
80 81
70 - e
60 ™ o
w S50 [ 51
= o
< 40 e ar
g L
Z 30 3
20 ™ 2
10 1
0 1 0 Y |
Novel Standard Novel Standard

Application Application pH I I.I ps
Pickering BW et alnt J Med Informatics. 2015



Consolidate data into meaningful information

Does it work?

With novel orgarbased presentation of data, ICU clinicians report
being:

AN AN W AN v

AL SGOGSNI G ISUGAY3I GKS YySSRSR
accurate fashion

ABetter at presenting information in a clear, useful way

ABetter at making data gathering less difficult and less mentally
demanding

PHILIPS

Pickering BW et alnt J Med Informatics. 2015



How to detect deteriorations early

ExamplePatientStormTracke®

Admit Date: ]
Location: U
This report contain
CBC

Gender:
Visit #:

documentation entered on Day 1 16:18

White Blood Cell

Red Blood Cell

Hematocrit

Platelet Count
Differential Count

Neutrophils %

Lymp
Nucleat:

t d
Chloride
bo

BP, mean
H

Comprehensive Metabalic

Albumin
LDH

Single Test

Calcium, [onized

Ladtic Acid

, Arterial
rterial

AT, Ar

Final
Final
Final
Final
Final

Final
Final
Final
Final
Final
Final
Final
Final
Final
Final

Final
Final
Final
Final
Final
Final
Final
Final
Final
Final
Final

Final
Final
Final
Final
Final
Final

Final
Final

Final
Final

Final
Final
Final
Final

Real Time

Bands High

glammation

© LyntekMedicalq see https:/lyntekmedical.conprojects/patientstormtrackerf

Sepsis §Day 1 16:28 Full Screen Weather

Platelets Low

psis

art Rate High

Sodium Low
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AWhittingham (2004, pp. 17§175) described a fatal rail Ty
crash where the conductor repeatedyl O1 y2 6t SRISRQ =
an alarm that was indicating the increasing proximity

of a train aheadwithout taking the corrective action of
slowing the train. The authors concluded that his action
of depressing the acknowledge button had become a
conditioned responsea phenomenon that was not
uncommon amongst conductofs.

X ¢ K S NJ&n Agybtalealarm some thirty seconds later
which was silenced by the user five seconds lalédre g

N} Ré& ftFNY tAYAOD 4 BomOKI YyISR TNP Y(/
2:14:03 to 02:44:00 there were 1Asystolealarms 7/
silenced by the user$er the alarm logs the device
appears to be performing normally and the alarms
annunciating appropriately.

[1] Karen ERaymer, JoharBergstrom& James MNyce(2012):Anaesthesianonitor alarms:
atheorydrivenapproach, Ergonomics, 55:12, 148301 pH I ll pS

[2] Philips internal analysis of a monitor log after a customer complaint involving a fatal event



Alarm fatigue in the ICU

Symptomatology

A Caregivers are flooded with 150 to 350 alarm
conditions per patient per day. Devices
compete to capture attention, without
clarity as to what needs to be dohé

A Lifethreatening events can be lost in
nuisance alarms, alarm fatigue may
lead to patient death&?

A Too many alarms can disrupt care processes,
and |lead to desensitization and fatigue In
staff as well as disturbance of patietits

[1] ECRI 2012 [@Jorges2009 [B] HTSF2012 HBéfowski2011l [5] Mondor2003  [6] Sanderson 2006
[7] Bennett 2011  [8lacker2011 [9] JC 2013  [10] HTF 2011

150- 350 Alarms
per patient and day

PHILIPS



Problem and solution dimensions

- User mobility
- Sensors and electrodes
+ Alarm distribution

« “Smarter” alarms

- Configuration: profiles, DNR etc.

.
Technology

- Training and education

- Organisation and competencies

- Discipline: skin prep, care activities

+ Alarm handover

- Tailoring of alarm limits to patient and status

\ .

Proactive monitoring
24 hour electrode change
Monitoring per indication

Utilisation of alarm-reducing functions

PHILIPS



Technical
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Gt N2 OGAGDS az2yAluz2NAyYy3Ié GUNBYRA

T Bed 16 Jones, Mary Adult = 21 Dec 10:50 = Profiles = Sepsis

1/ *% HR HIGH

I1 Arrhythmia OFF

IANANVAVAVAVAVAN I AVAVAVAVAVAVAVAVAN

2122
89

Early# *

e 122

Horizon display has been set up to meet SIRS

criteria. Also, etCOand SpQwere added to

 RRNB&aa 0KS LI 0ASydQa RALI 3
and poor respiratory condition. Here, the baseline was

set to represent target values.

¢tKS RSOAIGAZ2Y o6l NA Of SI NI &
current values are significantly deviated from
where we would like them to be.

The trend indicator also confirms that the patients
condition in the preceding ten minutes is worsening.

The only stable measurement is the temperature,
but this is also not within our desired range.

PHILIPS



Clinical Value delivery
at St. Antonius Hospital

Excel Alarm Management partnership designed to
improve safety, patient and care team satisfaction

Results:
40% reduction

in clinically noractionable alarms (overall)

549% reduction

in clinically non actionable SP&larms

47% reduction

in clinically non actionable arrhythmia alarms

344, 204 alarms

per bed per day, percent reduction







Preventing ICtDelirium

Importance of light

Affecting:
w Mood 8am Noon 6pm
w Sleep

w Concentration
w Alertness

X YR Y2NBE AYRANBOGT &
affecting:

w Immune system
w Recovery

w Wound healing

PHILIPS




Preventing ICtDelirium

Melatonin level in serum (pg/ml)

80

60

40

20

-0 1-6 1-12 1-18 2-0 2-6 2-12 2-18 3-O 3-6 3-12 3-18 4-0 4-6

Time point of measurement

©ebme

PO

A Melatonin is indicator for circadian rhythm

A No rhythm of melatonin is significantly correlated
with delirium

PHILIPS



Preventing ICtDelirium

Patient 1

Patient 2

Patient 3

Patient 4

Patient 5

[1] Freedman 2001
[2] vanSomerenl997

Sleep fragmentation in critically ill patients’

12pm 6pm

12am

6am

“Increasing the illumination level in group care facilities ameliorated symptoms of disturbed cognition, mood,

behavior, functional abilities and sleep’?

PHILIPS



Preventing ICtDelirium

Restoring the circadian rhythm of patients within
a few days could help to prevent delirium

Light Intervention

Ausing special schedule

Aof high intensity, norglaring light

Awith the right color temperature

to boost the circadian rhythm of patients

PHILIPS



Restoring the circadian rhnythm of patients within a few days could help to prevent delirium

Preventing ICtDelirium

Healing circadian lighting

4000 —
colour temperature

3500 =
3000 =

2500 —

6 hours bright light

2000 =

1500 =

illuminance
1000 =

500 =
8 hours darkness darkness

I | I I I I 1 | I I 1 | 1 1 I I | I 1 | 1 1 | 1
0:00 100 2:00 300 400 500 6:00 700 800 900 10:00 1:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00 23:00 24:00

0

Indirect red light Colour temperature Ceiling light pH I ll ps






How to implement
selective, riskadjusting
prevention

Example: IClUdelerium




How to implement
selective, riskadjusting
prevention

Example: IClUdelerium




Measuring

Wireless sensors

PHILIPS



Measuring

Contactless measurement

Breathing Rate . Heart Rate

38 BT - 123

Breathing Signal Heartbeat Signal

https://youtu.be/7Na73{YbpY

PHILIPS


https://www.youtube.com/watch?v=2M7AFoqJyDI
https://youtu.be/7Nq73-jYbpY

Contactless measurements

Camera for delirium detection
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