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Emergency Medicine

Taking Care of Everything, 
Everyday, All of the Time



Who are the Critically Ill?

� Patients with potential or existing 
pathophysiology threatening life, limb or pathophysiology threatening life, limb or 
significant disability



Cr itical Care

IM/ PulmIM/ Pulm EM?

AnesthesiaSurgery Peds

Who Practices Critical Care?



Condition: Crisis!!!
2-4-00

9-10-01



Growth in Medicare ICU and Hospital Admissions Since 1994
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Data: Highlights - CDC

� ED visits increased 20% from 1992 – 2001
� Number of Emergency Departments 

decreased by 15%
� Average LOS 3.5 hours
� Over ½ spent 4 - 6 hours� Over ½ spent 4 - 6 hours
� Over 400,000 (0.4%) spent more than 24 

hours
� Myth: All Sick patients go to Academic 

Medical Centers



Critical Care in the ED
� Critical Care of Medical and Surgical Patients 

in the ED

� Average LOS 6 Hours

� 30% of CC pts boarded in ED for lack of ICU beds� 30% of CC pts boarded in ED for lack of ICU beds

� Average LOS for boarders was 10 hrs (range 3-30hrs!!)

� “ED’s must be staffed adequately with appropriately 
trained personnel to care for these patients”



Patient Complexity
� Multiple patients: adults, children, male, female

� Time frames greatly compressed
� Who is sick, how sick, what and how long to intervene

� Tremendous Co-morbidities
� CHF
� Hypertension
� Diabetes

� Polypharmacy
� Hemodynamic responses

� Cardiovascular meds



Implications for Automation and Decision 
Support Systems

� Who to monitor?
� Tailored base on criteria vs. screening

� When to monitor?
� EMS, waiting room, in-patient, ICU, home….

� What to monitor?
� Heart rate, BP, biomarkers, oxygenation, images� Heart rate, BP, biomarkers, oxygenation, images

� Where to monitor?
� Invasive vs. noninvasive

� Who can monitor?
� Strive for midlevel capabilities: Nurse, PA, NP, EMT
� Make as many systems physician semi-dependent or 

independent



The History and Physical:

The Tragic Secret

� Clinicians only 50% accurate in predicting hemodynamics
� Cardiac output: Low, Normal, High
� Volume status: Low, Normal, High



Based on low, medium, high ranges

Eisenberg PR, Jaffe AS, Schuster DP. Clinical evaluation compared to pulmonary artery 
catheterization in the hemodynamic assessment of critically ill patients. Crit Care Med. 
Jul 1984;12(7):549-553. 



MAP Correlated to Cardiac Index



DO2 /MAP  Relationship



Some Things Never Change

The development of our knowledge of the circulation 
has been bedeviled by the fact that the measurement of 
blood flow is so complicated whereas the measurement 
of blood pressure is so easy: hence the blood pressure 
manometer has exerted an almost hypnotic influence, 

though most organs don’t need pressure but flow.                                                           
Jarish 1928Jarish 1928

How Many Deaths Have Traditional Blood Pressure, 
Heart Rate, and SpO2 Monitoring Contributed To?



Swan Song for the Swan-Ganz Catheter

Used to late?  Missed window of Opportunity.

Don’t know how to use data provided

Data Provided not useful.



No Difference in 
Outcome

Gattinoni L, Brazzi L, Pelosi P, et al. A trial of goal-oriented hemodynamic therapy in critically 
ill patients. SvO2 Collaborative Group. N Engl J Med. Oct 19 1995;333(16):1025-1032. 



Rivers E, Nguyen B, Havstad S, et al. Early goal-directed therapy in the treatment of severe 
sepsis and septic shock. N Engl J Med. Nov 8 2001;345(19):1368-1377. 

� Absolute 15% (33% relative) reduction in mortality
� No changes in blood pressure, heart rate



Why the Difference?

Window of Oppor tunity

Ear ly Means Ear lyEar ly Means Ear ly

Proper Patient Selection
(No small commitment)





Noninvasive Central Venous Pressure Monitoring

Detection

Emission
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Correlation (A) and Bland-Altman plot (B) of all 108 
measures in 36 subjects (three measures per subject) 
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Patient Pt.1 Pt.2 Pt.3 Pt.4 Pt.5 Pt.6 Pt.7 Pt.8 Pt.9 Pt.10 Pt.11 Pt.12 Pt.13 Pt.14
NICVP 11.4 13.9 18.7 13.3 16.8 15.4 11.9 6.2 6.3 21.2 11.3 9.6 11.9 13.2
CVP 11.1 14.4 19.9 11.9 17.6 14.4 11.9 4.0 3.6 21.2 10.4 11.2 9.8 11.5
Diff -0.3 0.5 1.2 -1.4 0.8 -1.0 0.0 -2.2 -2.7 0.0 -0.9 1.6 -2.1 -1.7

Patient Pt.15 Pt.16 Pt.17 Pt.18 Pt.19 Pt.20 Pt.21 Pt.22 Pt.23 Pt.24 Pt.25 Pt.26 Pt.27
NICVP 6.2 9.1 4.8 6.2 9.0 10.3 4.8 5.9 10.3 8.3 8.4 13.9 12.6
CVP 5.6 7.9 3.7 6.2 9.4 10.8 2.7 7.6 10.4 9.8 8.5 13.2 11.6
Diff -0.6 -1.2 -1.1 0.0 0.4 0.5 -2.1 1.7 0.1 1.5 0.1 -0.7 -1.0
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Hemorrhage Resuscitation30
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Examination of the Microcirculation in 
Humans



Proprietary Technology: Multi-sensor device for measuring 

a range of metabolic and lifestyle behaviors.

Key Metrics Delivered (today):

Calories Burned

Duration of Physical Activity

Steps

Sleep Duration & Efficiency* 

Context Recognition

Glucose Prediction (research)
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*  �  82% correspondence to sleep and wake against PSG in sleep-normals; �  95% true-negative correspondence of sleep against free living data, 

Glucose Prediction (research)

Hemorrhagic Shock/Survivability Index (research)
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Conductive path to 
non-adhesive 
electrode “snap”

Non-adhesive 
electrode

Transitioning to commercial platform

Under Development
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Algorithms Process
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LBNP Collaboration with US Army ISR

� VCURES to Map and 
Computationally Model 
Oxygen Transport 
Characteristics of LBNP Characteristics of LBNP 
model 



Stroke Volume Prediction: 21 subjects, avg. Correlation = 0.936, avg. 
perc. err = 16.6%



Shock Index Prediction: 21 subjects, avg. Correlation = 0.945, avg. 
perc. err = 8.93%



Data Fusion using simple skin and temperature changes:
Pulse Pressure: R2 = 0.96 between actual and predicted values. 
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mean of 
per subject 
correlation

Mean Absolute 
% Error correlation p-value

Actual (mean +/- 1-
std)

Predicted (mean +/- 1-
std)

Pulse Pressure 0.924 10.29 0.878 <0.001 42.326 +/-10.250 42.326 +/-9.764

Stroke Volume 0.936 16.59 0.835 <0.001 68.847 +/-20.849 68.847 +/-21.924

Systolic BP 0.792 4.61 0.906 <0.001 119.727 +/-16.350 119.727 +/-15.309

Diastolic BP 0.195 3.39 0.92 <0.001 77.400 +/-9.574 77.400 +/-9.042

Mean Arterial BP 0.586 3.76 0.925 <0.001 93.460 +/-12.423 93.460 +/-11.773

Shock Index 0.945 8.93 0.927 <0.001 0.732 +/-0.251 0.732 +/-0.239



Data Fusion Derived Oxygen Consumption and Glucose



3-day
N=15

Sensewear vs. CGM Sensewear vs. finger-stick

Correlation: 0.79
Accuracy: 17.05 mg/dl (13%)

Zones: A: 84% ; B: 14% ; A+B: 98%

Correlation: 0.854
Accuracy: 19.15 mg/dl

Zones A: 76% ; B: 24% ; A+B: 100%

Wearable, Continuous, Non-Invasive Glucose 
Prediction

30-day
N=15

Correlation: 0.83
Accuracy: 17.2 mg/dl (14.35%)

Zones: A: 83% ; B: 15% ; A+B: 99%

Correlation: 0.81
Accuracy: 22.55 mg/dl (15.6%)

Zones A: 72% ; B: 27% ; A+B: 99%



Computer-Aided Trauma Medical 
Decision Making Using Machine 
Learning

Biomedical Biomedical 
SignalsSignals

Rule Rule 

Signal 
Processing
&  Feature 
Extraction

Biomedical 
Image Image 

ProcessingProcessing

FeaturesFeatures

Statistical Analysis Statistical Analysis 
on Accuracy and on Accuracy and 

Reliability of RulesReliability of Rules

FeaturesFeatures

Rule Rule 
Extraction Extraction 

Medical records, lab Medical records, lab 
results, and diagnostics results, and diagnostics 
/ treatments / treatments 

RulesRules

Demographics &  other Demographics &  other 
information related to injury information related to injury 

Biomedical 
Images

ProcessingProcessing
&  Feature &  Feature 
ExtractionExtraction

IntegratedIntegrated
ProcessedProcessed
TraumaTrauma
DatabaseDatabase

Raw
Trauma
Database

RuleRule--BaseBase
TraumaTrauma
DatabaseDatabase

UserUser--Inter face to Inter face to 
Communicate Communicate 
Knowledge in Knowledge in 

Extracted RulesExtracted Rules

FeaturesFeatures

FeaturesFeatures



An Example of Image Processing 

�� Quantitative assessment of midline shift and Quantitative assessment of midline shift and 
hematoma based on CT image processinghematoma based on CT image processing



Predictive 
Outcome 

Sensitivity & 
specificity 

AdaBoost 
(Testing) 

CART 
(Testing) 

SVM 
(Testing) 

Neural 
Networks 
(Testing) 

Accuracy 93% 81%  70% 83.9% 
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93% 81%  70% 83.9% 

Sensitivity  87.6% 81.5% 64.1%      92.6% 
 

Specificity 97% 85.4% 75% 86.5% 

 



broadband noise

Noninvasvie Intracranial Pressure 
Monitoring

May Replace Need for Placing Catheters 
Directly in the Brain for Monitoring after Brain 

Trauma: Provide ICU Care in the Field

HP sig anal.

eye lid
transduce
r

re:8.7 mV/g

10”
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Summary

� Earlier monitoring - surveillance - screening
� Begin with Entry into the System

� More Noninvasive Monitoring
� Easy, Accurate, Non-physician driven

Automation-Closed Loop- Decision Support� Automation-Closed Loop- Decision Support
� If you build it, they will come (BENEFIT)


