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Emergency Medicine

Taking Care of Everything,
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Everyday, All of the Time




Who are the Critically Il1?

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

Who Practices Critical Care?
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Condition: Crisis!!!
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Hospital and ICU Admissions oo

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

ED visits increased 20% from 1992 — 2001

Number of Emergency Departments
decreased by 15%

Average LOS 3.5 hours
Over Y2 spent 4 - 6 hours

Over 400,000 (0.4%) spent more than 24
hours

Myth: All Sick patients go to Academic
Medical Centers

VCU



Critical Care in the ED o

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
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”
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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
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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

Where to monitor?
Invasive vs. noninvasive
Who can monitor?

Strive for midlevel capabillities: Nurse, PA, NP, EMT

Make as many systems physician semi-dependent or
Independent

VCU




The History and Physical:

The Tragic Secret

Hemodynamic Assessment in Managing
the Gritically IN:

is Physician Confidence Warranted?

NEAL V. DAVWSOMN, MD, ALFRAED F. CONNORS, R b,
THEODORE SPEROFF, PhD, ASHISH KEMK.A. MDD,
PATRICLA SHAW, RMN, HAL R. ARKES, PhiID

Prorio right-heant catheterization of 245 paderis. 798 study physicinns est mated valuss o
pultmonaary capilklary wedge sressare (W), carc ac indaax (T3, ared Systbermic wascu ar resis-
e irdex (WRIL . The physicians also sxprassed lhrrir confidencs in these eshhmaioss. Srsio:

values of VWP, 2L arnd WEI as debtaenmined by cothetarization enatiled Hhe suuibors: Lep cxwis Liate
e quality of e ohivsicians' judgrments The discrimimation of cha Jadgrreznts was moedest;
areas undesr e [0 wirs froar WP CH, and WEL were DL P24, O.681 . and O S5E Espaectively .
Calculateo using clicically relevardt cutoff values, sonsitivilies wwoeroe S, S0 %%%, and G4 e, ansd
spocificities were Fi19c, TS%, anc 5U3%:. respectvaly. Galibraticon of the estim ates ot W, I
and WR was aso modest: physicians lendod o ovarestimats low we ues o wriddesr p2eatirT abex
Fign values. Fhysiciams we e gonorally confident of their estmates, ul Jheo: wwies mo re leTiom
Eetweasenrn confidenue and acocuracy Experie woeed COYWSICIAr S WSleE 112 M Ao ars’s thea less
exparicncazd ones, athaugh they were significantly more conficdent The auatho-s conclude
thal ahwsiciars shoule Mot use their bewels o conliconooe e Their sLDjective estimiataes ol
cardiec "uncticn in deciding whelhar Lo Dase thorapy or these estimasss. o wirca s - oxin

fidence:; accuracy:; discrimenaticn: hamodyne s status: cardiac funciiom, Shawssiczican s (Pule
Decis Making 19893;13: 258 2685)

Clinicians only 50% accurate in predicting hemodynamics
Cardiac output: Low, Normal, High
Volume status: Low, Normal, High
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linical evaluation compared to pulmonary artery
catheterization in the hemodynamic assessment of
f‘f"rltlcally 111 patlents
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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.

Based on low, medium, high ranges
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MAP Correlated to Cardiac Index e
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DO2 /MAP Relationship

DO (ml/min/m2)

1700 —

1800 — - .
1500 — .
1400 — .
1300 — .
1200 — T . -
1100 — . ) )
1000 — - e e .
-— u . '- ' -.- - . . -
. R
m---ul ., " 2 l--- . — - -
- L] . "1-- tee 1-' * - - - -
700 — ’ o, L RPN o, Lt )
— . :'. e _-__ :‘ . B . I u
800 — ) R P R .
- -" - ; N :.-;‘: ;":_' :. ‘= P [
500 — S T B . .
. - . ".-“‘ r:lllt II - : L P - = -
400 — S e T S .
- e " . . ¥ . .. - -
300 * " vt : )
zm L] r Ll I ¥ I L] I T I' L] l’ L & L 'I' T 'I' ¥ I L I
20 1 110 120 130 140

TO

Bo

MEAN ARTERIAL PRESSURE (mmHg)



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 1928

How Many Deaths Have Traditional Blood Pressure,
Heart Rate, and SpO2 Monitoring Contributed To?
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Swan Song for the Swan-Ganz Catheter o

concepts in Emergency and Critical Care m——

The Effectiveness of Right Heart
Catheterization in the Initial Care
of Critically Il Patients

ired F. Connors, Jr, MD; Theodore Speroff, PhD: Neal V. Dawson, MD; Charles Thomas; Frank E. Harrell, Jr, PhD;
Couglas Wagner, PhD; Nerman Desbiens, MD; Lee Galdman, MD, MPH; Albert W. Wu, MD; Robert M. Califf, MD;
siliam J. Fulkerson, Jr, MD; Humnberta Vidaillet, MD; Steven Broste, MS; Paul Bellamy, MD; Joanne Lynn, MD;

wiiam A Knaus, MD; for the WBW lnﬁﬁ@%ﬁmﬂq[ may * e b retonted by ﬂﬂp}'fight law

Titla 17 11 2 Cade)

Used to late? Missed window of Opportunity.
Don’t know how to use data provided

Data Provided not useful.
VCU
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©Copyright, 1993, by the Massachusetts Medical Society
Volume 333 - OCTOBER 19, 19% R Number 16

A TRIAL OF GOAL-ORIENTED HEMODYNAMIC THERAPY IN CRITICALLY LL PATIENTS

LUCIAL\O GATTL\OV],fMD Luca Brazzi, M.D,, Paoto PeLosi, M.D., Roewto Lativi, M.D,
GLANT Tocyont, MD, ANTONIO PESENTL, M.D., axD ROBERTO FumacaLLl, M.D,,
FOR THE $v0, COLLABORATIVE GROUP*

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

No Differencein
Qutcome
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RiversE, N_guyen B, I—_Iavstad 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.

The New England Journal of Medicine

EARLY GOAL-DIRECTED THERAPY IN THE TREATMENT OF SEVERE SEPSIS

AND SEPTIC SHOCK

EmanUEL Rivers, M.D., M.P.H., Bryant NGuyen, M.D., Suzanne Havstap, M.A., JULIE RESSLER, B.S.,

ALEXANDRIA Muzziv, B.S., BERNHARD KNoBLICH, M.D., EOWARD PETERSON, PH.D., AND MicHAEL TomuanovicH, M.D.,

FOR THE EARLY GOAL-DIRECTED THERAPY COLLABORATIVE GROUP*

Absolute 15% (33% relative) reduction in mortality
No changes in blood pressure, heart rate
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Why the Difference?

Window of Opportunity

Proper Patient Selection

VCU

Early MeansEarly

(No small commitment)
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Noninvasive Central Venous Pressure Monitoring

Detection







000
Correlation (A) and Bland-Altman plot (B) of all 108 e
measures in 36 subjects (three measures per subject)
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Examination of the Microcirculation In
Humans




Proprietary Technology: Multi-sensor device for measuring| eeee
o000

a range of metabolic and lifestyle behaviors. o

Key Metrics Delivered|(today):
Calories Burned
Duration of Physical Activity
O O\O Steps
Sleep Duration & Efficiency*

Context Recognition
Glucose Prediction (research)

Hemorrhagic Shock/Survivability Index (research)

V. correspondence to sleep and wake against PSG in sleep-normals; 95% true-negative correspondence of sleep against free living data,
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BodyMedia armband vs. Polar chest strap :::: -
' ' - e000
BodyMedia Proprietary ECG technology: . T )
coc)
l
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walk (2mph)
walk (3mph)
run (5mph)
bike (no hands)
bike (hands)

rest
rest
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Algorithms Process eee.
o000
00
o0
o
Sum()
Variance()
Peaks()
= Pedometer() =) -
Frequency()
« Training Testing
<
\/
A*axillary + B*smoothed_axillary_difference +
C*squared_smoothed axillary_difference+ D




LBNP Collaboration with US Army ISR

VCURES to Map and
Computationally Model
Oxygen Transport
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 val

IES,




mean of

per subject Mean Absolute Actual (mean +/- 1- Predicted (mean +/- 1-

correlation % Error correlation p-value | std) 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| eee




Wearable, Continuous, Non-Invasive Glucose

SRHRHAs. coM

3-day
N=15
Correlation: 0.79
Accuracy: 17.05 mg/dl (13%)
Zones: A: 84% ; B: 14% ; A+B: 98%
30-day
N=15

Correlation: 0.83
Accuracy: 17.2 mg/dl (14.35%)
Zones: A: 83% : B: 15% ; A+B: 99%

Sensewear vs. finger-stick

Correlation: 0.854
Accuracy: 19.15 mg/dl
Zones A: 76% ; B: 24% ; A+B: 100%

Correlation: 0.81
Accuracy: 22.55 mg/dl (15.6%)
ZonesA: 72% : B: 27% ; A+B: 99%




Computer-Aided Trauma Medical
Decision Making Using Machine

Learning
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An Example of Image Processing
Quantitative assessment of midline shift ar

d

hematoma based on CT image processing
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Noninvasvie Intracranial Pressure
Monitoring

May Replace Need for Placing Catheters
Directly in the Brain for Monitoring after Brain
Trauma: Provide ICU Careinthe Field

broadband noise
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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
If you build it, they will come (BENEFIT)



