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Disclosures

I have no real or perceived conflicts of interest 
related to this talk

I will not be discussing off-label use of drugs or 
devices
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Outline

I will not be discussing:
 New Medicines
 New Operations
 New Ventilator Strategies

1. Reducing the Frequency of Cardiac Arrest 
 And increasing the critical examination of those that do occur

2. Improving Monitoring
 At the Bedside
 Telemedicine

3. Re-thinking Single Ventricle Physiology
4. Neuroprotection and Neurodevelopment – (16:28)
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Reducing the Frequency of Cardiac Arrest
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Emphasis Tipping From Quality of CPR towards
Reduction of Cardiac Arrests

ARREST REDUCTION

QUALITY 
RESUSCITATION 

Darren Klugman, MD

Justine Fortkiewicz-Mize, MSNWes Diddle, MD
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Reducing the Frequency of Cardiac Arrest

Strategies

1. Daily Identification of High-Risk Patients (“HRP”)

2. Full Team Rounds Four Times per Day

3. Shared Communication & “Mental Model”

4. Escalation Algorithm
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Jan-14 - Nov-14

CICU Adjusted Arrests per 1,000 Patient Days

High 
Frequency 

Rounds

CARP 
Protocol
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Critical Event Review
The Use of Video and “Debriefing” in the Cardiac ICU
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“Instant Replay”

The World Cup and 
National Football League 

“Gets It Right”
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Healthcare: The Next Group for Body Cameras?

• 24 hour Video Recording of Each Room

• Stored for 24 hours

• More accurate and reliable understanding 
of the events

• “Everything was fine until the patient 
arrested” 

• Better learning and performance 
improvement

• Learning theory – Reflection on Action

Video Debriefing 
in the Cardiac ICU

John T. Berger, MD
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Performance during PICU CPR Events (n=40)

CPR Target
Monitor / Defibrillator 

Data
Code Leader Recall

Inadequate Chest Compression  (CC) Rate 7.5% 0%

Inadequate CC Depth 10% 0%

CPR interruption > 10 sec 80% 47%

Over-ventilation during CPR 71% 67%

McInnes et al. Resuscitation 2012

You cannot correct what you cannot see
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“INSTANT REPLAY”

IMMEDIATELY AFTER PATIENT STABILIZATION:

• Physician In Charge of “Code”

• All Other Personnel
• Physicians, Nurses, Respiratory Therapy, Support Staff

1. Each team member first fills out standardized form:

• What went well?  What did not go as well as it could/should have? How did I perform?

2. Discussion
• Individuals – self criticism

• Individuals – feedback to others – not blaming.  “Constructive Criticism”

• Team – Noise, assigned roles, etc.

• ”Systems” – Availability of medications, beepers, etc.

3. Final Opinions Shared with Entire Staff by Physician in Charge
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Monitor Integration
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extubated

ARREST
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22:46

03:43
ARREST

02:30 89/43,
RN in/out room

02:47   85/42

03:30   59/35
1st Fellow in room

3:42 2nd fellow in 
room

02:20  Patient awake, moving

02:12 INCREASING WOB
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CICU - Remote Monitoring



©2018GilWernovsky

CICU - Remote Monitoring

Alejandro Jose Lopez Magallon, MD
Ricardo Muñoz, MD
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Paper → Electronic

Intermittent Monitoring → Continuous Monitoring

Isolated Monitoring → Integrated Monitoring

Memory of Events → Video Documentation of Events

→  →
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New Thinking in Single Ventricle 
Terminology

Management Philosophy
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Concepts and Terminology That I 
Suggest We Eliminate:

Parallel Circulation
“Overcirculation”

Balancing the Circulation
Optimal Qp:Qs Ratio
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Concepts That I Suggest We Eliminate:

Parallel Circulation

In Patients with a Single Ventricle
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Pulmonary
Veins

Pulmonary
Artery

Pulmonary
Veins

Right Atrium

Right Ventricle

Left Atrium

Left Ventricle

SVC IVC

Aorta

“Parallel Circulation”
Should Be Reserved for 

Transposition of the Great 
Arteries
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Single Ventricle Results in a 

“Multi-Distribution 
Circulation”

Qp

+Qs

+Qr
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Concepts That I Suggest We Eliminate:

“Overcirculation”

In Patients with a Single Ventricle
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Examples of  “Overcirculation” or ”High Qp:Qs”

29
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30

Rethinking Single Ventricle Management

• In isolation, pulmonary over-circulation DOESN’T matter

• Systemic under-circulation DOES matter

• Pulmonary under-circulation DOES matter
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Preferred Terminology and Thinking

Hypoxemia and/or Low Systemic Oxygen Delivery (“Undercirculation”)

May Be Caused By:

1. Ventricular Dysfunction and/or

2. Circulatory Maldistribution due to:

• Anatomic Obstruction 

– Preoperative – PDA, Atrial Septum, Ventricular to Systemic or Pulmonary Circuit

– Postoperative – Arch, Atrial Septum, Shunt, Bands 

• Fluctuations in Pulmonary and Systemic Vascular Resistance

• Atrio-Ventricular Valve Regurgitation

• Anatomically Large Shunt (in isolation-RARE)
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Concepts That I Suggest We Eliminate:

“BALANCING THE CIRCULATION”
“Optimal Qp:Qs Ratio”

“Ideal” Oxygen Saturation

In Patients with a Single Ventricle
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HLHS: Pulse Oximetry Value of 90%
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Pulse Oximetry Value of 90%

34

Pulmonary Vein 100
Pulse Oximetry 90
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Pulse Oximetry Value of 90%

35

Pulmonary Vein 100
Pulse Oximetry 90
Mixed Venous Saturation 70

Normal Oxygen 
Delivery!
No Medical 
Management Needed

(Needs Surgery)
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“Balanced Circulation”

36

Pulmonary Vein 100
Pulse Oximetry 75
Mixed Venous Saturation 50
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“Balanced Circulation”

37

Pulmonary Vein 100
Pulse Oximetry 75
Mixed Venous Saturation 50

Borderline Oxygen 
Delivery!
Medical Management 
Needed

(Needs Surgery)
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“Ideal” Oxygen Saturation of 80%

38

Pulmonary Vein 100
Pulse Oximetry 80
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“Ideal” Oxygen Saturation of 80%

39

Pulmonary Vein 100
Pulse Oximetry 80
Mixed Venous Saturation 30 Very Low Oxygen 

Delivery!
Medical Management 
Needed Quickly!

(Needs Surgery)
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Principles of Care: 
Maximize 

Systemic O2

Delivery

Qs Blood O2

Content

Effective 
Oxygenation

Lung Disease
Pneumothorax
Pleural Effusion

Etc.

O2 Carrying Capacity

Hg content
Hg function

Qp
PDA

Shunt
Band

PVR & SVR
Ventricular 

Output

Regurgitant 
Fraction

AV Valve
Semilunar Valve

Stroke 
Volume

Endogenous
Paced

Heart 
Rate

Afterload

PDA
Stent

Neo-Aortic Impedance
SVR

Contractility

Myocyte Function
Coronary Blood Flow

Pharmacological Support
Electrolyte Balance

Acid/Base Status

Preload

Pericardial fluid
Blood volume

CVP

A-V Synchrony
Pacing Site
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Principles of Care: 
Maximize 

Systemic O2

Delivery

Qs Blood O2

Content

Effective 
Oxygenation

Lung Disease
Pneumothorax
Pleural Effusion

Etc.

O2 Carrying Capacity

Hg content
Hg function

Qp
PDA

Shunt
Band

PVR & SVR
Ventricular 

Output

Regurgitant 
Fraction

AV Valve
Semilunar Valve

Stroke 
Volume

Endogenous
Paced

Heart 
Rate

Afterload

PDA
Stent

Neo-Aortic Impedance
SVR

Contractility

Myocyte Function
Coronary Blood Flow

Pharmacological Support
Electrolyte Balance

Acid/Base Status

Preload

Pericardial fluid
Blood volume

CVP

A-V Synchrony
Pacing Site

Does it Really Make 
Sense to use a Ratio 

Here????

=
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New Thinking

• Target Oxygen Delivery, not Oxygen Saturation
• A Patient with a “High” Oxygen Saturation (“Overcirculation”)  May Not 

Be Sick

• A Patient with a “Balanced Circulation” May Be Sick

• A Patient with the “Ideal” Oxygen Saturation of 80% May Be Sick

• Don’t Treat Surgical Heart Disease with “Medical” Therapy
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Summary

• What’s New in Cardiac Intensive Care?

• Not Much in New Medications or Procedures

• (Exception: Lymphatic Interventions)

• Cardiac Arrest Reduction and Protocolized Management

• Critical Evaluations of Team Performance

• Integrated Monitoring & Remote Monitoring

• Revised Concepts in the Terminology, Assessment and 
Management of Single Ventricle



THANK YOU
gwernovsky@childrensnational.org


