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RESUSCITATION FAILURES

INJURY CAREGIVER
UNRECOGNIZED EXPERIENCE
PRE-EXISTING CONDITIONS EXPERTISE

NEED FOR MONITORING




MONITORING SOLUTIONS

ldeal monitor:

Accurately reflect severity of injury
Minimally invasive

Low level of expertise/skill
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Portable/durable

Rapid feedback regarding Rx

No monitor is a perfect fit - many on market




HEMODYNAMIC MONITORS

PCCI 4.52
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FDA approved

Improve outcomes in RCT using GDT

Some clarity regarding guidelines

Most utilize some component of invasiveness e.g., a-line/cvc




HEMODYNAMIC/NOLUMETRIC MONITORS

Monitor

1. Pulmonary artery
catheter (PAC)

2. PiCCO

3. Central venous
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4. Arterial catheter

5. Esophageal
Doppler
6.Echocardiography

7. Others —
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ADVANCED HEMODYNAMIC MCNITORS
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FDA approved

Improve outcomes in RCT using GDT
Some clarity regarding guidelines
Most utilize in situ a-line/cvc




Advanced Hemodynamic Monitors in Critically Il Patients

EXPERTS USE COSTLY AND POTENTIALLY RISKY MONITORING
DEVICES THAT MAY (AT BEST) HAVE SOME BENEFIT




ALTERNATIVE APPROACHES

SYSTEMATIC APPROACH TO RESUSCITATION USING EXPERT BASED
KNOWLEDGE WITH A LOW RISK AND FAMILIAR MONITORING DEVICE

Blood pressure
1 Hemorrhage and resuscitation
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NOVEL APPROACHES

Rapid feedback with imbedded expert based algorithms:

Key concepts

— Decision Assist (D-A)
- Semi-automated (open loop)
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— Algorithm/decision
- Fluid pump ?
— Closed-loop Control Resuscitation (CLC)

Autonomous
CPU algorithm

M
BP < Fluid Rx

— Animal models of shock:

- Achieve target endpoints
« Reduce volume infused




DECISION ASSIST

Components b Algorithm
Input monitor - NIBP Siluion: vl
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Output RX - pump




CLOSED LOOP CONTROL

Components
Input monitor - IABP

LTM (Lightweight Trauma Module,
Impact Instrumentation)

Computer interface
- algorithm
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= function (BP)

Arterial
Pressure

Output RX - pump Jos | IVantage

| (Delphi)




CONCEPT TESTING

PRE-CLINICAL WORK DONE - Kramer

Effectiveness

Mean Arterial Pressure

o— PID
—&— Fuzzy

baseline 0 30

Efficiency

Fluid Requirements

ATLS Decision
guidelines Tables

SHOCK, vol. 22, No. 3, pp. 262-269, 2004

HYPOTENSIVE RESUSCITATION OF MULTIPLE HEMORRHAGES USING
CRYSTALLOID AND COLLOIDS

Abraham D. Rafie,* Paul A. Rath,* Michael W. Michell,* Robert A. Kirschner,*
Donald J. Deyo,* Donald S. Prough,* James J. Grady,” and George C. Kramer*




CONCEPT TESTING

CLINICAL TESTING OF D-A AND CLC SYSTEM
INPUT - BP MONITOR
CHOICE / RATIONALE
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ALGORITHM - FUNCTIONALITY
OUTPUT - PUMP
CHOICE / RATIONALE
FIDELITY AND ACCURACY




D-A IN VITRO TESTING

In Vitro - Testing

WVSM versus Simulator BP

WVSM (ATHENA, GTX)

BP (mmHg)

ZOLL POWER INFUSER

Iargeted BP testing: Simulator MAP set to 120,100,80,60,40
mmHg. Recorded WYSM [svsy vs Sim (svs; WVSM (p1a) vs Sim (ora)

In Vitro Testing of D-A
lactated Ringer's infusion

= WVSM/Zoll pump

- Algorithm

fluid infusion rate
(miL/min}

0 0 80 120

4
Mean Arterial Pressure (mmHg)
Simuwlator BP 120,700,80,60.40 vs WVSM BP
Zoll infusion pump vs algorithm

Integrating BP. Algorithm & Pump: D-A Testing performed by
setting BP to specific pressure. WYSM BP displayed and
integrated to computerized algorithm. Pump algorithm rate
displayed/acknowledged. LR output recorded




D-A IN VIVO BP TESTING

In Vivo - patient studies WVSM (ATHENA’ GTX) VS
Ly e e IABP CARDIAC PATIENTS
E - E ] R*=0.6456 .
L. 23 / Comparative BP study
§ 3 917 B
t f " 10 CPB patients recruited
C o I T R TR T ok ram— mp— 1 patient refusal
- 1 technical failure (not WVSM related)
Bland Altman SBP .
e Intra-arterial pressure vs WVSM (NIBP)
% pre-induction - to - end of surgery
St Simultaneous recordings
- e MH&EMH— Regression analysis
- Bland Altman DBP fh :-}I-E:]S‘cn s
i e S e 71 data points collected in 8 patients
?;' : SYS BP range = 71 - 223 mmHg
B oo DIA BP range = 41 - 111 mmHg




CLC ALGORITHM / PUMP TESTING

Zoll vs Delphi Test
(CLC Hextend)

-- Predicted algorithm

LTM (IMPACT) CLC Testing

-+-Delphi

= Zoll

Arterial transducer

60 Set BP to specific pressure
HAP (mmHo) LTM (IMPACT) integrated to itself

Pump Algorithm rate displayed, activated
Fluid output (Hextend) recorded
Delphi vs Zoll




D-A/CLC TESTING SUMMARY

—Feasibility of proposed test device + resuscitation system
—Fidelity b/w BP and algorithm activation

—Low Bias / High precision for WVSM as NI

—LTM allows accurate dual pump interface

«Crystalloid or colloid
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