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Proactively keep out of trouble
Get out of it quickly when it unexpectedly arises



Proactive 
High Quality 

Care

Improve

Optimize

Understand Accurate Tools.
Understand Them.

Reasonable Goals/Algorithm.
Combined with Intelligence.
Not Rigidly Applied.

Routine OR Care.
Apply Early.
MultiorganDysfunction.

Value.



The Value of Minimally Invasive Technology in Perioperative 
Hemodynamic Management.

Biggest Lessons from Routine Flow Based Management.
BE PROACTIVE.

1. BP is Deceptive. Secondary Importance.

2. Flow and Components. Primary Importance.

3. Optimal Care Is Continuousand Proactive.

4. GDT. Cost Effective Care.
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Venous Function and Central Venous 

Pressure: A Physiologic Story

Anesthesioloy, Volume 4, (April 2008)         

Simon Gelman, M.D., Ph.D.

Puts the Gut at Risk

Occult Hypovolemiaand Splanchnic Vascular Shunting



Stroke Volume Optimization
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SWEET SPOT

BP may not change appreciably

Minimizes Splanchnic Vascular Shunting
Appropriate LVEDV
Fluid Responsiveness

3. Optimal Care Is Continuous. Proactive.



Not too little, not too much .
Right Amount-Right Time-Right Patient.

Courtesy:TonyRoche, MD.



Not too little, not too much.
Takes care of occult hypovolemia and much more.
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Hypovolemia Spiral
Staying on the Sweet Spot.

The Importance of Routine Flow Based Management.

ÅNormovolemia, awake. (Bundgaard-Nielsen)100%on. 
ÅNormovolemia, anesthetized. Disturbed blood volume 

relationships. (Bundgaard-Nielsen)70%off, 200-600cc.
ÅHypovolemia, occult. Splanchnic vascular shunting.                     

BP, HR, CO unchanged. Gut can become ischemic.

ÅHypovolemia, overt. ŹVR, SVŹ, HRŷ, COź, BPź.

ÅMacrocirculatory dysfunction, COŹ, SVRŷ, BPź.

ÅHypotension, BPŹ, compensatory mechanisms exhaust.
ÅMicrocirculatory dysfunction. Bacterial translocation,       

Acidosis. SIRS.
ÅEndothelial gycocalycealdysfunction. Ischemia and hypervolemia.

ÅMulti-organ failure.
ÅDeath

REACTIVE

PROACTIVE
Sweet Spot



Mini Invasive Technologies
Parameters

ÅContinuous Arterial Pressure (CAP).  PPV, SPV.

ÅArterial Pressure Cardiac Output. (APCO). CO, SV, SVR, PPV, 
SVV, (ITBV, EVLW c TPTD). 

ÅContinuous Non-Invasive Arterial Pressure (CNAP). PPV.

ÅContinuous Non-Invasive Cardiac Output (CNCO). CO, 
SV, SVR, PPV, SVV.

ÅUltrasound. TEE, TTE. 2D, Color flow, M Mode, Doppler, 3D, 4D.

ÅSuprasternal Doppler. CO, SV, SVV, FTc, PV, SVR. 

ÅEsophageal Doppler. CO, SV, SVV, FTc, PV, SVR, MA. 

ÅPlethysmography. PVI.

ÅBioimpedance/Reactance.  CO, SV, SVV, TFC.



Concurrent Testing
Look forΧ

ÅApplicability.

ÅReliability.

ÅResponsiveness.

ÅRCTs, Outcome Improvement.



CAP



Pulse Pressure Variation

PEEP & Vascular Tone, Sepsis, IncPAP.

PPV

PPV PPV

PPV

CAP, CNAP

PPV>13%



PPV, SPV

ÅApplicability: CAP <10%, CNAP High.

ÅAccuracy, Precision for CAP, ROC AUC 0.98

ÅLimitations: Art. Line, CNAP device, Mechanical 
Ventilation, Stable Rhythm. RtHeart issues, PEEP, 
Vasodilation, Flow to the finger.

ÅOutcome Improvement: Yes.

ÅNot fluid responsive. Hypotensive. Now what?

ÅHelpful: yes

CAP,CNAP.
Fluid Responsiveness



CNAP PPV, SPV.

Vascular Unloading Technique
Finepress

Vascular Unloading Technique
NexfinClearSight

ApplanationTonometry Technique
Tensys



CNAP

The method is to unload the arterial wall in order 
to linearize this phenomenon with a counter 
pressure as high as the pressure inside the artery. 
Blood volume is kept constant by applying this 
corresponding pressure from the outside. The 
continuously changing outside pressure that is 
needed to keep the arterial blood volume constant 
directly corresponds to the arterial pressure. This is 
the basic principle of the so-ŎŀƭƭŜŘ ά±ŀǎŎǳƭŀǊ 
¦ƴƭƻŀŘƛƴƎ ¢ŜŎƘƴƛǉǳŜέΦ

PPV

1000x/second



CNAP

ÅCNAPPPV

ÅApplicability: ~99%.

ÅAccuracy and Precision: Comparable to Invasive 
AP

ÅLimitations: Mechanical Ventilation, Stable 
Rhythm, Flow to finger, PEEP, Vascular tone.

ÅOutcome Improvement:



PlethysmographyPVI

PVI>13%


