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Problems in critical care





Hospital of the future?

© Paramount Pictures

ά²Ŝ Řƻ ƴƻǘ ƴŜŜŘ ŦǳǊǘƘŜǊ ǘŜŎƘƴƻƭƻƎƛŎŀƭ ōǊŜŀƪǘƘǊƻǳƎƘǎ ǘƻ 
achieve the ICU of the future. Medicine simply 
needs to apply technologies that have been successfully 
utilized in other fields, such asfinance or aviation. 
Data availability, both from medical devices and from 
clinical information systems that capture data, is the 
ōƛƎƎŜǎǘ ōŀǊǊƛŜǊ ǘƻ ǇǊƻƎǊŜǎǎΦέ

http://www.sccm.org/Communications/Critical-Connections/Archives/Pages/Data-in-the-ICU-of-the-Future.aspx



Information overload &
decision making



Errors and mistakes

Study in 70 ICUs and >1.300 Patients1:
άaŜŘƛŎŀƭ ŜǊǊƻǊǎ ƻŎŎǳǊǊŜŘ ƛƴ нсΦу҈ ƻŦ ǇŀǘƛŜƴǘǎΥ мрΦп҈ ǿŜǊŜ ŀŘǾŜǊǎŜ ŜǾŜƴǘǎ ŀƴŘ 
mortality was 3 fold greater ƛƴ ǇŀǘƛŜƴǘǎ ǿƛǘƘ  ŀŘǾŜǊǎŜ ŜǾŜƴǘǎΦέ

Observation study2: 
ά554 errors and over 200 serious errors in a single ICU over a 4 month period 
with an average of 1.7 errors per day per patientƛƴ ǘƘŜ L/¦Φέ 

Simulation studie3: 
άhƴƭȅ пм҈ ƻŦ ǇŀǘƛŜƴǘ ǇǊƻōƭŜƳǎ ƻǊ ŜǊǊƻǊǎ ƛƴ ǘƘŜ L/¦ ǿŜǊŜ ǊŜŎƻƎƴƛȊŜŘΦέ

[1] DŀǊǊƻǳǎǘŜπhǊƎŜŀǎM, et. Al. {ŜƭŜŎǘŜŘ ƳŜŘƛŎŀƭ ŜǊǊƻǊǎ ƛƴ ǘƘŜ ƛƴǘŜƴǎƛǾŜ ŎŀǊŜ ǳƴƛǘΥ wŜǎǳƭǘǎ ƻŦ ǘƘŜ L!¢whw9C {ǘǳŘȅπtŀǊǘǎ L ŀƴŘ LLΦ AJRCCM. 2010:181:134-142.
[2] DonchinY, et al: A look into the nature and causes of human errors in the intensive care unit. /ǊƛǘƛŎŀƭ ŎŀǊŜ ƳŜŘƛŎƛƴŜ мффрΣ ноόнύΥнфпπоллΦ 
[3] March CA et al.: Use of simulation to assess electronic health record safety in the intensive care unit: a pilot study. BMJ Open 2013, 3(4)



Errors and mistakes: contributing factors1

ÅHuge processing overload

ÅConsolidation of data from various sources

ÅInformation overload

[1] Gong 2015



Errors and mistakes: contributing factors1
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Detecting deteriorations early and avoid/identify 
errors when your IT system looks like this

© acmconsult1







Consolidate data into meaningful information
Does it work?

Pickering BW et al. Int J Med Informatics. 2015 



Consolidate data into meaningful information
Does it work?

With novel organ-based presentation of data, ICU clinicians report 
being:

Å.ŜǘǘŜǊ ŀǘ ƎŜǘǘƛƴƎ ǘƘŜ ƴŜŜŘŜŘ ƛƴŦƻǊƳŀǘƛƻƴ ƛƴ ŀ ǘƛƳŜƭȅΣ ǳǇπǘƻπ ŘŀǘŜΣ 
accurate fashion

ÅBetter at presenting information in a clear, useful way 

ÅBetter at making data gathering less difficult and less mentally 
demanding 

Pickering BW et al. Int J Med Informatics. 2015 



How to detect deteriorations early
Example: PatientStormTracker©

© LyntekMedical ςsee https://lyntekmedical.com/projects/patientstormtracker/



Non-actionable 
alarms endanger 
patient safety and 
staff health



!ƭŀǊƳǎ ŀǊŜ ŀ ƎƻƻŘ ǘƘƛƴƎΧ
ΧŀǊŜƴΩǘ ǘƘŜȅΚ

άWhittingham(2004, pp. 171ς175) described a fatal rail 
crash where the conductor repeatedly ΨŀŎƪƴƻǿƭŜŘƎŜŘΩ 
an alarm that was indicating the increasing proximity 
of a train ahead,without taking the corrective action of 
slowing the train. The authors concluded that his action 
of depressing the acknowledge button had become a 
conditioned response, a phenomenon that was not 
uncommon amongst conductors.1

Χ¢ƘŜǊŜ ǿŀǎ an Asystolealarm some thirty seconds later 
which was silenced by the user five seconds later.The 
.ǊŀŘȅ ŀƭŀǊƳ ƭƛƳƛǘ ǿŀǎ ŎƘŀƴƎŜŘ ŦǊƻƳ пл ǘƻ оу ώΧϐFrom 
2:14:03 to 02:44:00 there were 11 Asystolealarms 
silenced by the users.Per the alarm logs the device 
appears to be performing normally and the alarms 
annunciating appropriately.2

[1] Karen E. Raymer, Johan Bergström& James M. Nyce(2012): Anaesthesiamonitor alarms: 
a theorydrivenapproach, Ergonomics, 55:12, 1487-1501

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



Alarm fatigue in the ICU
Symptomatology

[1] ECRI 2012      [2] Görges2009       [3] HTSF2012      [4] Borowski2011      [5] Mondor2003      [6] Sanderson 2006      
[7] Bennett 2011      [8] Lacker2011      [9] JC 2013      [10] HTF 2011

Å Caregivers are flooded with 150 to 350 alarm 
conditions per patient per day1-3. Devices 
compete to capture attention, without 
clarity as to what needs to be done4-7

Å Life-threatening events can be lost in 
nuisance alarms, alarm fatigue may 
lead to patient deaths8,9

Å Too many alarms can disrupt care processes, 
and lead to desensitization and fatigue in 
staff as well as disturbance of patients10

150 - 350 Alarms
per patient and day



Problem and solution dimensions



Technical
άtǊƻŀŎǘƛǾŜ aƻƴƛǘƻǊƛƴƎέ ǘǊŜƴŘǎ

Horizon display has been set up to meet SIRS 
criteria. Also, etCO2 and SpO2 were added to 
ŀŘŘǊŜǎǎ ǘƘŜ ǇŀǘƛŜƴǘΩǎ ŘƛŀƎƴƻǎƛǎ ƻŦ ǇƴŜǳƳƻƴƛŀ 
and poor respiratory condition. Here, the baseline was 
set to represent target values. 

¢ƘŜ ŘŜǾƛŀǘƛƻƴ ōŀǊǎ ŎƭŜŀǊƭȅ ǎƘƻǿ ǘƘŀǘ ǘƘŜ ǇŀǘƛŜƴǘΩǎ 
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.



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 non-actionable alarms (overall)

54% reduction                          
in clinically non actionable SP02 alarms

47% reduction                          
in clinically non actionable arrhythmia alarms

344 to 204 alarms             
per bed per day ςpercent reduction



Environmental conditions 
(e.g. light and noise) prolong 
recovery and give rise to 
neurological complications



Preventing ICU-Delirium 
Importance of light

Affecting:
ωMood
ωSleep 
ωConcentration
ωAlertness

Χ ŀƴŘ ƳƻǊŜ ƛƴŘƛǊŜŎǘƭȅ 
affecting:
ωImmune system
ωRecovery
ωWound healing 



Preventing ICU-Delirium 

ÅMelatonin is indicator for circadian rhythm

ÅNo rhythm of melatonin is significantly correlated 
with delirium



Preventing ICU-Delirium 

[1] Freedman 2001
[2] van Someren1997



Preventing ICU-Delirium 

Light Intervention 

Åusing special schedule 

Åof high intensity, non-glaring light

Åwith the right color temperature

to boost the circadian rhythm of patients

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



Preventing ICU-Delirium 
Restoring the circadian rhythm of patients within a few days could help to prevent delirium





How to implement 
selective, risk-adjusting 
prevention

Example: ICU delerium



How to implement 
selective, risk-adjusting 
prevention

Example: ICU delerium



Measuring
Wireless sensors



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

Measuring
Contactless measurement

https://www.youtube.com/watch?v=2M7AFoqJyDI
https://youtu.be/7Nq73-jYbpY
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Contactless measurements
Camera for delirium detection


