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ThreePrimary Clinical Problems

 How to identify patients who are becoming
hemodynamically unstable before they
progress too far?

® I‘IUVV I.U UCLCI A II 1IC LI e IIIUbL APYPI UJI IdI.C
therapy to reverse the primary cause for
Impending circulatory shock?

How to you implement the most appropriate
therapy with non-physician when individual
responses of patients and care giversvary?
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BioSign Neural Network
Oxford Biosignals

An early warning system that may alert when all
Individually measured variables are still in thair
“normal” ranges

The score is welghted and automated through neural

networking, data fusion algorithmic processes

Able to recognize changes from normality (defined by a
training set)
Alerts for a single parameter deviating by >3 SD from

“normal” value in the training set, or 2-3 parameters
moving away from normality by a smaller amount

Filtered for noise; requirement for temporal persistence
(1.e. 4 out of previous 5 minutes)
o Tarassenkoet al. Br J Anaesth 97:64-8, 2006
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Example of the BioSign™ screen developing asingle
physiologic index value; alert threshold was set at 3.2
based on initial step down unit patient data




Petient has baseline hypertension but with normal HR, RR and SpO..
BP further elevated at 04:00 with VS| alert but then revertsto baseline




Example of Chart Judged as Met;,

Progressive and interactive increase in both HR and RR, and finally hypertension




Blind Monitoring Results
Phase 1

333 patient admissions representing all patients, reflecting
18,692 hours continuous monitoring

All 7 MET activation events of respiratory and/or cardiac cause
were detected by BSI in advance of MET activation

Mean advanced detection time prior to MET activation was 6.3h

/8% of MET;, did not result in MET activation and <1/2 were
commented on in nurs ng notes

Cardio-respiratory deterioration was generally characterized by
progressive increases in BSI over time rather than step
INncreases

Most patients were stable during their SDU stay: 75%

Unstable patients were only unstable at most 20% of the time
Hravnak et al. Arch Intern Med 168:1300-8, 2008
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Summary Phase 1 to Phase 3 Comparisons

Patient admissions 333 patient Phase 1 vs. 313 Phase 3
Continuous monitoring

— 18,692 hr v. 18,314 hr total

— 54 hr v. 57 hr per patient

M ost patients both phases were stable throughout their
SDU stay

— 75% Phase 1v. 76% Phase 3
Theduration of MET . ;,, decreased in Phase 3

Both the incidence and duration of MET; ,, decr eased
In Phase 3

The percentage of MET;,

|
activation increased in Phase
e Hravnak et al. AmJ Resplr Crit CareMed 177: A842, 2008

| patlents who had aMET




Percentage of Patientsin Each Phase
who Experienced a MET State
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Hravnak et al. Am J Respir Crit CareMed 177: A842, 2008
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Duration Patientsin MET State
(for those who experienced it)
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min

Hravnak et al. Am J Respir Crit CareMed 177: A842, 2008




PhysioChip:
|ntegrated physiologic patternsfor

prediction and measur ement
John Hotchkiss, confidential communication
Not for public disclosure




Using complexity modeling of
patterns of physiological responses,
we havethe ability to cluster patients
based on their integrated physiology.

Thiscould have significant
iImplicationsfor diagnosis, risk
stratification, and monitoring of

therapeutic interventions
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Monitoring Truth

No monitoring device, no matter how
accurate or insightful its data will
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Unless coupled to a treatment, which itself
Improves outcome

Pinsky & Payen. Functional Hemodynamic Monitoring, pp 1-4, 2004
Pinsky & Payen. Crit Care 9:566-72 2005
Pinsky. Chest 123:2020-9, 2007




Resuscitation Protocols Based on
| nvasive Hemodynamic M onitoring
| mprove Survival

o Early goal-directed therapy for severe sepsis

— Riverset al. New Engl J Med 345:1368-77, 2001

 Intra-operative goal-directed therapy
— Gan et al . Anesthesiology 97:820-6, 2002
» Post-operative resuscitation in high risk

patients
— McKendry et al. Br Med J 329:258-65, 2004
— Pearse et al. Crit Care 9: R687-93, 2005
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Hemodynamic Effects of Changes
In Intrathoracic Pressure

Thorax $




Effect of Positive-Pressure Ventilation on LV Volumes and Pressure
| ntact Anesthetized Human
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Preload-Responsiveness is Dependent
on Initial Volume Status and Cardiac Contractility

LV End-Diastolic Volume




Definitions; D Pulse Pressure & D Systolic Pressure

/-

45 m—

Airway Pressure
(cm H,0)

ol
l

N Diilea Drocal ira (DD —
L CUIDC 1 Cooul © \ i

\'t" )=
PPmax-PPmin

(mm Hg)

Arterial Pressure

I
2 seconds

Michard et al. Am J Respir Crit Care Med 159:935-9, 1999




Baseline DPP Does Predict Volume Responsiveness
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Recelver Operator Characteristic (ROC) Curvefor >15%
Increase in cardiac output to a 500 ml volume challengein
patientsin septic shock

DPP >13%

SPV > 13%
Pra>8 mm Hg
Ppao > 12 mm Hg
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Michard et al. Am J Respir Crit Care Med 162:134-8, 2000
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NICOM Monitoring of Passive Leg Raising
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ldentifying the Causes of Dyspnea in <5 minutes in the ED
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Hicks, Peacock et al., SAEM 2009



ldentifying the Causes of Dyspnea in <5 minutes in the ED
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ldentifying the Causes of Dyspnea in <5 minutes in the ED
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ldentifying the Causes of Dyspnea in <5 minutes in the ED
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ldentifying the Causes of Dyspnea in <5 minutes in the ED
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ThreePrimary Clinical Problems

 How to you implement the most appropriate
therapy with non-physician when individual
responses of patients and care giversvary?




Patient-specific Goal Directed Therapy

 Identification of existing (VSI) or impending
(Bio-signatures) cardiovascular collapse

» Characterization of cardiovascular needs
— Volume, Pressors, |notropes

e Monitor response to therapy




Hemodynamic M onitoring Protocol

| sthe patient hemodynamically stable?

—

| sthe patient preload-responsive?
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Does the patient hypotensive and have reduced vasomotor tone?

N
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Volume bolus Volume bolus [ Add Inotrope

Add Vasopr essor

Reassess the patient

Pinsky. Protocolized care, in: Pinsky & Payen. Functional Hemodynamic M onitoring, pp 381-95, 2004




Flight Crew Simulator Training
University of Pittsourgh
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