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•  Control Basics 
•  Review some basics of Control Theory and Control 

Systems 

•  Problem 
•  Single parameter vs multiparameter 
•  Single patient vs. population 

•  Automated Remote Triage 
•  Combat Casualty Care 
•  Post-surgical Care 

•  Conclusions 

Agenda 
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Figure 5.  Clinical care processes represented as 
control loops. The three control tasks for each 
control loop are: A-Diagnostic monitoring for goal 
vs. problem states; B-Medical decision-making, 
etiology determination; C-Therapeutic action to 
change the patient state from a problem state to the 
goal state. 
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ARTEMIS 
Automated  
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Management  
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DARTMOUTH-HITCHCOCK HEALTH 

2009 at Dartmouth-Hitchcock 
 

~20,000 Inpatient Discharges 
87,735 General Inpatient Care Days 

8,414 Intermediate Care Days 
24,028 Critical Care Days 
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Continuum of Inpatient Care 

General Care 
•  Nursing 1:5 

Intermediate 
Care 
•  Nursing 1:2 

Critical Care/ 
(OR, ED, IPs) 
•  Nursing 1:1 and 

1:2 

Chang in Patient Status Triggers a Move 



DARTMOUTH-HITCHCOCK HEALTH 

2009 at Dartmouth-Hitchcock 
 

305 Rescue Events 
95 Care Escalations 

556 Deaths 
 
 
 
 



Rapid	
  Response	
  Teams 
•  Rapid response systems:  A systematic review 

 Winters, BD, Pham JC, Hunt EA, Guallar E, Berenholtz S, Pronovost P.   
 Critical Care Medicine 2007; 35: 1238-43 

 
•  A prospective study of factors influencing the outcome of 

patients after a Medical Emergency Team review 
 Calzavacca P, Licari E, Tee A, Egi M, Haase M, Haase-Fielitz A, Bellomo R.  
Intensive Care Medicine 2008; 34: 2112-6 

 

•  “Delayed Medical Emergency Team activation and NRF 
orders are the strongest independent predictors of 
mortality in patients receiving Medical Emergency Team 
review.  Avoidance of delayed Medical Emergency Team 
activation should be a priority for hospitals operating rapid 
response systems.” 
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Masimo SET 
Patient SafetyNet 
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u  36 beds in a pod 
layout 

u  2 nurses, 10 beds per 
pod (1:5) 

u  Primarily orthopedics, 
also plastics and 
trauma (elderly) 

u  Selective cardio-
telemetry 



Data Analysis 
•  Test unit before/after 

•  Comparator units before/after 

•  Rescue events per 1,000 discharges 

•  ICU transfers per 1,000 patient days 

•  Data analyzed with t-tests (Stata 10) 
 
 



Results: Rescue Events 

Table 3: Rescue Events (mean ± SD, CI) per 1000 patient discharges before and after  
  
SD: Standard Deviation     
CI: 95% Confidence Interval 
 

Unit Rescues Before Rescues After p-values

PSS Unit 3.4 ± 2.2, [1.89 – 4.85] 1.2 ± 0.94, [0.53 – 1.88] 0.01

Comparison Unit 1 2.0 ± 0.88, [0.05 – 4.0] 1.3 ± 1.68, [0.1 – 2.50] 0.5

Comparison Unit 2 2.7 ± 0.82, [0.87 – 4.51] 3.4 ± 0.67, [1.87 – 4.9] 0.53



Results: Rescue Events 

31 



Results: ICU Transfers 
Unit ICU Transfers Before ICU Transfers After p-values

PSS Unit 5.6 ± 2.8, [3.7 – 7.4] 2.9 ± 2.0, [1.4 – 4.3] 0.02 

Comparison Unit 1 5.7 ± 1.6, [2.1 – 9.2] 5.2 ± 1.3, [2.2 – 8.2] 0.8 

Comparison Unit 2 15.0 ± 5.7, [11.1 – 18.9] 12.7 ± 3.7, [10.0 –15.3] 0.3 

Table 4: Transfers to the ICU (mean ± SD, CI) per 1000 patient days before and after PSS 
implementation 
 



Results: ICU Transfer 
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•  Increasingly we work in teams managing 
populations of patients 

•  Data and information needs to be provided to 
clinicians performing supervisory control tasks to 
redirect attention 

•  Performance metrics need to be optimized at the 
sensor end of the system AND effectiveness 
metrics optimized on the outcome side 

Conclusions 



The Team 
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SpO2 Distribution 
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Beats per Minute 
80                                          93                    100 



HR Distribution 
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Beats per Minute 
40                              87                                    140 



Anesthesia Patient Safety Foundation 
recommendations in the setting of PCA use: 

�  Individualize the dose and infusion rate of opioid while 
considering the unique aspects of each patient’s history 
and physical status. 

� Make continuous monitoring of oxygenation (pulse 
oximetry) the routine rather than the expectation. 

�  Assess the need for supplemental oxygen, especially if 
pulse oximetry or intermittent nurse assessment are the 
only methods of identifying progressive hypoventilation. 

� Consider monitoring ventilation (even if intermittent) with 
technology capable of detecting progressive 
hypoventilation. 



•  Patient Safety Net deployment was associated with 
decreased rescue events and the need to escalate care 
(ICU transfers) 

•  In a bed constrained environment, this opens up ICU 
space for other patients and resulted in a favorable 
impact on cost 
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Summary 


