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Advances in Surgery

• Anesthesia and Intensive Care

• Infection Control



The Future for Non-invasive 
Monitoring is Now!

• MAJOR ADVANCES IN TECHNOLOGY

• FEWER COMPLICATIONS

• LESS ACCURACY BUT GOOD 
PRECISION

• LESS COST – MOSTLY

• BETTER PORTABILITY

• EASE OF USE – PLUG AND PLAY



“You Can’t Manage What You 
Don’t Measure”

Moermann A, Absalom AR

J. Clin Monit Comput 2016;30:253-4



The Goal of Monitoring

• Maintain or restore tissue perfusion and 
oxygenation.

• Most monitors focus on macro-hemodynamic 
targets: Blood Pressure and Cardiac Output

• The focus needs to be on the microcirculation 
which ultimately determines tissue perfusion

– Bendjelid et al. J Clin Monit Comp 2016; 30:129-39



Flow Monitoring

“It is a source of regret that the measurement of 
flow is so much more difficult than the 
measurement of pressure. This has led to an 
undue interest in the blood pressure 
manometer. 

Most organs, however, require flow rather than 
pressure…”

Jarisch, 1928



“Found Dead in Bed”
• No patient in our hospital should be found dead 

in bed
• Our hospitals should be the safest place in the 

world to be when you are sick
• Every patient should have a noninvasive monitor 

wirelessly connected to the smart phone of the 
nurse

• Many of you have a monitor on you right now:
– Apple watch
– Fitbit
– Samsung Fitband



Dead in Bed
Dr. Ramsay,
Please forgive me for being so bold. I found your name in a news 
report on the local news. My husband died following a successful 
laminectomy. After one hour in a PACU he was placed on a low risk 
medical surgical floor. He was on IV pca dilaudid. He was not 
monitored. He was not checked on after his initial admission until 
pain management came to adjust his medication nearly 2 hours later. 
He was dead. They coded him for 3 hours in attempt to resuscitate 
him. The cause of death was listed as respiratory depression less than 
3 hours, bradycardia less than 3 hours and hypotension less than 3 
hours.
I am telling you my story in hopes you can head me in the right 
direction. I have an attorney who tells me it is not the standard of care 
so there is no one who will stand with me and be Toms voice. He 
should not be dead. I learned from this report that you are a patient 
safety advocate. My hope is that the local hospitals take the risk of 
respiratory depression with the use of opioids drugs seriously
I know this is out of the ordinary but I would be appreciative for any 
advice.
Sincerely,



MONITORS
• Must Know:

– Accuracy, Precision, Validity, Stability and Reliability

• Trade Off:
– More invasive High Accuracy Good Precision

– Non-Invasive Less Accuracy, Good Precision

• Accuracy:
– Less accuracy but good trend may be acceptable if less 

risk and less cost.

– Vincent et al. Crit Care 2015;19:224



Accuracy and Precision

ACCURACY    =    TRUTH

PRECISION     =  REPEATABILITY
or TREND        















Stories of preventable medical errors





Continuous Postoperative Electronic 
Monitoring and the Will to Require 

It.
RK Stoelting Anesth Analg 2015;121:579-81

“A monitor would have saved my child’s life. All that 
stands between us and universal postoperative 
monitoring, is the will to use it”

-Lenore Alexander



APSF Recommends:
“Electronic monitoring of all 

hospitalized adult patients receiving 
postoperative opioids for pain 
management”

“Patients should be monitored 
with continuous pulse oximetry with 
data transmitted wirelessly to a 
qualified health care professional”

“Incorporation of a monitor of 
ventilation if supplemental oxygen is 
needed to maintain an acceptable 
SpO2”



What should we monitor?

Who should we monitor?



Noninvasive Monitoring in the 1960’s

• Finger on the pulse:
• Measure strength, volume and character of pulse
• Continual; BP at least 70 mmhg if you can feel the superficial temporal pulse
• Assessment of temperature and diaphoresis

• Monoaural Stethoscope:
• Breath sounds and respiratory rate
• Respiratory pattern
• Continual

• Sphigmomonitor:
• Stethoscope under cuff

• Pupils:
• Size and reactivity
• Depth of anesthesia
• Equality





A Consensus of 12

• Insufficient tissue perfusion and cellular 
oxygenation due to hypovolemia, heart 
dysfunction or both is one of the leading causes of 
perioperative complications. Adequate 
perioperative management guided by effective 
and timely hemodynamic monitoring can help 
reduce the risk of complications and improve 
outcomes.
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The Pulmonary Artery Catheter

• Invasive

• Infection Risk

• Accuracy??

• A series of large prospective, multicentered, 
randomized controlled trials failed to show a 
mortality benefit when PACs were utilized in 
critically ill patients. 

• SandhamJD,HullRD,BrantRF,etal.Arandomized,controlledtrialoftheuse of pulmonary-artery catheters in high-risk surgical patients. N Engl J Med 2003; 
348:5–1 Harvey S, Harrison DA, Singer M, et al. Assessment of the clinical effec- tiveness of pulmonary artery catheters in management of patients 
in intensive care (PAC-Man): a randomised controlled trial. Lancet 2005; 366:472 – 477. 

•



Non-Invasive Monitoring Cardiac 
Output

• Transesophageal Echocardiography

– Assess ventricular function – Ejection Fraction

– Volume status

– Fluid responsiveness

• Non-invasive Pulse Contour Analysis

• Esophageal Doppler

• Bioimpedance and bioreactance

• Inert Gas Rebreathing





Importance of Oxygen in 
the Body

• Oxygen has a critical role in cell metabolism to 
convert nutrients into energy1

• Deprivation of adequate oxygen in the body can 
cause several complications, which may be deadly2

• The components that are involved in transporting 
oxygen throughout the body and to the tissues are 
thus extremely important to proper life function2
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Metabolic Pathway1

1Pearson Education, Inc.2015 
2The Oxford Companion to the Body. 2001.



Oxygen Delivery (DO2)

DO2 = CO x CaO2

Oxygen 

Delivery 
Cardiac 

Output

Oxygen 

Content DO2 is the amount of oxygen (in 

ml) that is delivered from the 

heart to the tissues per minute. 

Cardiac Output is the amount of blood that is 

ejected from the heart per minute. Monitoring 

the components of CO in patients is important 

to ensure that there is sufficient volume in the 

body to transport oxygen.
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Stroke 
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1974 First Pulse Oximeter



Now Pulse Oximeters can Measure 
More

Oxygenated Hgb and reduced Hgb absorb different amounts of Red (RD) and Infrared (IR) Light 





Perioperative Goal Directed Fluid Therapy

• Fluid and inotrope therapy guided by 
minimally invasive cardiac output or stroke 
volume optimization.

• Increase in global oxygen delivery

• Goal is increase in microcirculation

• Results in less overall fluid infused peri-
operatively



Minto G, Scott MJ, Miller TE. Monitoring needs
and goal-directed fluid therapy within an
enhanced recovery program. Anesthesiol Clin
2015; 33: 35–49.



Vincent JL et al. Critical Care 2015;19:224



Fluid Optimization

1Bellamy et al. Br J Anaesth. 2006
2Verdant et al. Curr Opin Crit

Care. 2005.
3Brandt et al. Crit Care. 2009

Fluid administration is one of the most common interventions to increase CO. 

However, fluid administration has to be carefully titrated since both hypovolemia and 

hypervolemia can be associated with negative outcomes. 

Too little fluid

Can lead to 
inadequate CO

Too much fluid

Can lead to 

edema

Fluid Administered

Morbidity Risk

Optimal

Fluid

Hypovolemia Hypervolemia





Fluid Responsiveness

Preload

“Responder”

“Non-Responder”

Fluid responsiveness is defined as the response of CO to an increase in 

preload (circulating volume), generally with the administration of fluid

Frank Starling Curve
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A patient whose CO  increases post fluid administration is 

considered a “Responder” and a patient whose CO does 

not  increase is considered a “Non-Responder”



Fluid Responsiveness – Mechanical 
Breath

Preload

“Responder”

“Non-Responder”

Fluid responsiveness can also be assessed by the response of SV to a 

mechanical breath. Under positive-pressure ventilation, there is a transient 

reduction in venous return and thereby a reduction in preload.

Frank Starling Curve
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Dynamic Parameters

PPV SVV
• Multiple dynamic parameters have been shown to help clinicians assess fluid 

responsiveness

 Pulse pressure variation (PPV) and stroke volume variation (SVV) utilize the arterial waveform 
from an indwelling (invasive) arterial cannula

 Some also require a dedicated sensor and/or dedicated software, which may become costly

Dynamic parameters are meant to be used in mechanically ventilated adults, who do not 
have an open chest or severe arrhythmia, and will be most accurate at tidal volumes of 7-8 
ml/kg.





PVi Studies
Several peer-reviewed clinical studies have evaluated the utility of PVi as a fluid 
responsiveness indicator in mechanically ventilated patients.1-3 For example:

˃ Operating Room: In a study 
of patients undergoing 
major abdominal surgery, 
researchers found that PVi 
can serve as a valid 
indicator of fluid 
responsiveness1

˃ Intensive Care Unit: In a 
study of patients with 
circulatory insufficiency, 
researchers found that PVi 
can predict fluid 
responsiveness 
noninvasively under 
mechanical ventilation2

1Zimmermann M., et al. Eur J Anaesthesiol. 2010 Jun;27(6):555-61. 
2Loupec T., et al. Crit Care Med. 2011 Feb;39(2):294-9.
3Cannesson M., et al. Br J Anaesth. 2008 Aug;101(2):200-6.

Sensitivity and specificity of various parameters for the 
prediction of fluid responsiveness3



PVi in Fluid Management Protocols

1Forget et al. Anesth Analg. 2010; 111(4):910-4.
2Thiele et al. Journal of the American College of Surgeons (2015). doi:10.1016/j.jamcollsurg.2014.12.042.

In a study of patients undergoing major 
abdominal surgery, researchers found that 
PVi-based goal-directed fluid management 
reduced the volume of intraoperative fluid 
infused and reduced intraoperative and 
postoperative lactate levels.1

In a study of patients undergoing colorectal surgery, 
researchers found that the implementation of an 
enhanced recovery protocol which included PVi led 
to improved patient satisfaction and substantial 
reductions in lengths of stay, complication rates, 
and costs for patients.2

Goal-directed Therapy (GDT) Enhanced Recovery After Surgery (ERAS) 



Benefits of PVi Monitoring
Compared to other dynamic parameters, PVi has the following benefits:

• Noninvasive

• Continuous*

• Real-Time*

• Available where Pulse Oximetry is used

• Has been used frequently in procedures 

where an arterial line was not applied1

PVi can be displayed as a numeric value and as a trend line 

*PPV and SVV are also continuous and real-time
1Thiele et al. Journal of the American College of Surgeons (2015). doi:10.1016/j.jamcollsurg.2014.12.042



Value of SpHb and PVi Monitoring

Crystalloid (fluid) 
Administered

When used together, SpHb and PVi can provide additional insight



Enhanced Recovery Program for 
Colorectal Surgery

• Reduced opioids: Tap Blocks; Non-opioid 
analgesia

• Goal Directed Fluids: Leads to reduced IV 
Fluids

• Out of Bed in PACU:
• Mean length of stay reduced to 2 days from 

5-7 days
• Cost savings in first year: $500,000

































Connectivity Between Monitors
• STATEMENT ON THE INTEROPERABILITY OF MEDICAL DEVICES 
• Committee of Origin: Equipment and Facilities 
• (Approved by the ASA House of Delegates on October 22, 2008 and 

reaffirmed on 
• October 16, 2013) 
• ASA believes that intercommunication and interoperability of 

electronic medical devices could lead to important advances in patient 
safety and patient care, and that the standards and protocols to allow 
such seamless intercommunication should be developed fully with 
these advances in mind. ASA also recognizes that, as in all 
technological advances, interoperability poses safety and medico legal 
challenges as well. The development of standards and production of 
interoperable equipment protocols should strike the proper balance to 
achieve maximum patient safety, efficiency, and outcome benefit.



Patient   History

Monitors Multi- Parameter 
Monitor

Brain-Function 
Monitor

Hemodynamic 
Monitor

Laboratory 
Data

Therapeutic 
Devices

Ventilator Anesthesia 
Machine

Infusion Pump

Remote Data

The Current Clinical Environment

▪ Multiple Data Sources

▪ Multiple Monitors (with asynchronous data)

▪ Multiple Stakeholders

▪ Multiple Opportunities for Suboptimal Decision Making



Integrated display: Cockpit









Better Safer Care is Most Cost 
Effective!

Our goal is to monitor every patient.
No one should be ”Found Dead in Bed”

Our hospitals should be the safest place for a 
patient to be NOT the most dangerous!



Thanks for your attention


