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Outline - The Perioperative Period & The Operating Room

• Pre-operative risks

• Timing of Surgery

• Risks of Surgery/Circulatory Support/Anesthesia

• Risks During The ICU Course, Including Sedation

• New Strategies for Improvement
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Physiologic Fact #1 - Mixing of Systemic and Pulmonary Venous Return 
Before (and occasionally after) Cardiac Surgery

• Low Oxygen Delivery

•Hypoxemia

•↓ Cardiac Output
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Physiologic Fact #1 - Mixing of Systemic and Venous Return 
Before (and occasionally after) Cardiac Surgery

• Low Oxygen Delivery
• Hypoxemia

• ↓ Cardiac Output

Risk of Stroke from 
Paradoxical Embolus
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• Risk of Paradoxical Embolus



©2018GilWernovsky

Physiologic Fact #1 - Mixing of Systemic and Venous Return 
Before (and occasionally after) Cardiac Surgery

• Risk of Paradoxical Embolus

• Air

• Particulate
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Physiologic Myth #1 - “The Baby is Stable on Prostaglandin”
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Physiologic Fact #2 - “A Baby is in Progressive CHF on Prostaglandin”

There is a “ductal steal” in diastole ↑ over time 

Rychik J, Bush DM, Spray TL,

Gaynor JW, Wernovsky G. 

J Thorac Cardiovasc Surg 2000;120:81-7.

↑ ↑ ↑ over time 

Kluckow M, Evans N, Osborn D

NeoReviews 2004;5:e98-e108

↓ ↓ cerebral blood flow

↑ Risk NEC
↑ Risk renal dysfunction
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What Are The Effects of a 
Delay in Surgery for cCHD

on the Brain?
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Cerebral Blood Flow is Diminished

48-72 hour Old Neonates on Prostaglandin

Licht DJ et al

J Thorac Cardiovasc Surg 2004

~50 ml/min/gram 
of brain

~25 ml/min/gram 
of brain

Daniel Licht, MD
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Cerebral Oxygen Delivery Falls DAILY

Cerebral Blood Flow Falls Daily!
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By Electively Delaying Cardiac Surgery

↑ Risk of:

• White Matter Injury

• Possible long term effects

• Medical Error

• ? Mortality
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By Electively Delaying Cardiac Surgery
↑ Risk of:

• White Matter Injury

• Medical Error

• ? Mortality

• Increases In:

• Cost

• Length of Stay
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What Are The Effects of 
Intraoperative 

Circulatory Support
on the Brain?
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The Effects of Mechanical Circulatory Support During Cardiac Surgery on the Brain
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Summary of Validated Improvements in Intraoperative CPB Management
Remember: “Absolute Cut-off Values Should Never Be Set for Continuous Variables”

1. Keep Hematocrit Higher rather than Lower
• Better closer to 35% rather than 25%

2. Minimize Duration of Deep Hypothermic Circulatory Arrest (if used)
• Threshold values (with current strategies) in the 35-45 minute range

3. Unknowns Persist 
• Should these be patient-specific? What are the effects of genetics, lesion, age?

• Steroids - yes/no; when; how much; all patients or just some?

• Alpha-stat vs pH stat

• Flow rates

• Temperature

• Regional Cerebral Perfusion

• (Strength of Opinions Not Necessary Correlated with Strength of the Data)

4. Seizures are a Bad Long-term Prognostic Sign

5. What Type of Monitoring, and What To Do With the Values?
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The Effects of Mechanical Circulatory Support During Cardiac Surgery on the Brain

Intraoperative~
5%

Maternal Mental 
Health~

25%

Socioeconomic Status~
20%

Length of Stay~
15%

Unknown~ 30%

Shock at Presentation~
5%
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Increasing VAA exposure associated with significantly worse:

• Full Scale IQ

• Total language scores

• Executive function

• Memory

• Reading skills

• Math skills

–ALL p < 0.05
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Increasing Fentanyl Exposure Associated with Significantly Worse:

Full Scale IQ

Total Language

Processing speed

Memory

Fine motor skills

Math skills

• ALL p<0.05
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What are other cumulative 
exposures during the 

hospital stay?
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Phthalates
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Cardiopulmonary Bypass
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Phthalates have been consistently implicated in learning difficulties & ADHD
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Phthalates have been consistently implicated in learning difficulties & ADHD

Plasma concentrations of phthalate (DEHP) metabolites in 100 healthy 

children and 449 children in PICU

DEHP metabolites undetectable in healthy children, elevated in PICU 

children upon PICU admission (P <0.001). 

DEHP metabolites decreased rapidly but remained 18 times higher until 

PICU discharge (P <0.001). 
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• After adjusting for co-variates, exceeding the harmful threshold 

for DEHP metabolites was independently associated with 

attention deficit (all P <0.008) and impaired motor coordination 

(all P<0.02). 

– ADD association was confirmed in a validation cohort (all P<0.01). 

– Phthalate Exposure Explained 1/2 of the Attention Deficit Disorder 

assessed 4 years after PICU Admission.

Taking “Stuff” Out As Soon As Possible

↓Short Term and Long Term Risk
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The Most Modifiable Perioperative Factor For Improving Long-term 
Neurodevelopmental Outcomes is Reducing Hospital Length of Stay

Longer LOS consistently associated with

• Worse Neurodevelopmental Outcomes
• Multifactorial

• Increased Sedation/Analgesia Usage

• Toxin Exposure

• Decreased Opportunity for Neurogenesis and 
Maternal Bonding

• Worse Parental Mental Health
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The Effects of Mechanical Circulatory Support During Cardiac Surgery on the Brain

Intraoperative~
5%

Maternal Mental 
Health~

25%

Socioeconomic Status~
20%

Length of Stay~
15%

Unknown~ 30%

Shock at Presentation~
5%
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The Neurocardiac Critical Care Program
At Children’s National Medical Center

Washington, DC, USA
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Melissa Jones, MSN Gil Wernovsky, MD Sherrill Caprarola, MD

NeuroCardiac Critical Care Program Leadership

Neurologists
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NeuroCardiac Critical Care Program:
Integral Part of a Comprehensive Approach to the 

Developing Brain in Children with Critical CHD

Effects of CHD in the 
Fetus CICU Operating 

Room CICU Outpatient Findings and 
Treatment

Institute for the 
Developing Brain

Fetal Heart Program

Cardiac 
Neurodevelopmental 

Outcome Clinic 
(CANDO)

Center for 
Neuroscience 

Research

Some Stuff 
Happens

Some Stuff 
Happens
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Neurocardiac Critical Care Program at Children’s National

Six Pillars

Standardized 
Assessments

Monitoring and 
Surveillance

Neurodevelopmental 
Care

Neuroprotection
Extended Family 

Support
Immediately 

Available

Daily Sedation/Analgesia 
Pre & Post-Op MRI
Newborn Screen
Hearing Screen

Routine Consults:
Neonatology

Neurology
Genetics

Physical Therapy
Occupational Therapy

Speech, Language, Feeding

NIRS
EEG

Etiometry
Biomarkers

Cerebral Blood Flow

Breast Feeding
Bonding

Brain
Body

Other Strategies:
Non-pharmacologic sedation
Music and Other Therapies

Minimize Noise, Light
Lactation Consultant

Prone Positioning
Skin-to-Skin Care
Physical therapy
Infant Massage

Phase I Clinical Trials

Seizure Treatment 
Protocols

Mental Health Support
Case Manager
Mindfulness
Social Work

Child Life
Clergy
Yoga

Telemedicine
Post-Discharge

Portable CT
Ultrasound

MRI
EEG

Critical Care 
Neurologist

Developmental 
Intensivist
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Summary

Risks for Brain Injury are Multiple and Cumulative

Treatment  Must Be Multidisciplinary & Longitudinal

Research is Ongoing
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Summary

Low Cerebral 
Oxygen Delivery

Risk of 
Paradoxical 

Embolus

Effects on the 
Brain From 
Anesthesia 

and CPB

Borderline 
Hemodynamics 

Prolonged  or Too 
Much Mechanical 

Ventilation

Sedation

Analgesia 

(& Subsequent 
Wean) 

Bland 
Environment

Lack of Social 
Stimulation

Noxious Stimuli

↑Noise

Poor Oral Motor 
Coordination 

Decreased 
Feeding 

Increased 
Parental Stress 

& Anxiety 
Impacting 
Outcome

Wernovsky G and Licht D. 
Peds Crit Care Med 2016;17(Aug):S232-S242

Further 
Research 
Timing of 
Surgery

Further 
Research Reduce Length of Stay Family Support

Avoid Hyperventilation
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