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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

Risk of Stroke from
Paradoxical Embolus
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Physiologic Fact #1 - Mixing of Systemic and Venous Return
Before (and occasionally after) Cardiac Surgery

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

e Air
e Particulate
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Physiologic Myth #1 - “The Baby is Stable on Prostaglandin”
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Physiologic Fact #2 Progressive CHF

There is a “ductal steal” in diastole T over time
T 11 over time | | cerebral blood flow
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Cerebral Blood Flow is Diminished

48-72 hour Old Neonates on Prostaglandin

Daniel Licht, MD

~50 ml/min/gram
of brain
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Cerebral Oxygen Delivery Falls DAILY

Cerebral oxygen metabolism in neonates with congenital heart
diceace nmantified hv MRT and anticc

Cerebral Blood Flow Falls Daily!

postoperative white matter Injury in neonates with nypopliastic 1ert
heart syndrome
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By Electively Delaying Cardiac Surgery

T Risk of:
* White Matter Injury
* Possible long term effects

e Medical Error
e ? Mortality
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By Electively Delaying Cardiac Surgery

Earlier Arterial Switch Operation Improves
* Increases In: Outcomes and Reduces Costs for Neonates
With Transposition of the Great Arteries
* (ost

® Length Of Stay New York, New York

Brett R. Anderson, MD, MBA,* Adam J. Ciarleglio, PHD,{ Denise A. Hayes, MD,*
Jan M. Quaegebeur, MD, PuD,I Julie A. Vincent, MD,* Emile A. Bacha, MD1

o

STS{ Eé(T S Latin America Card iovascular Surgery Conference ‘
O @EACTS ae ozoiscivernowsty  Children’s National ..




Are The Effects of

aoperative
rculatory Support
on the Brain?

\

o

ciwernovsly  Children’s National ..



The Effects of Mechanical Circulatory Support During Cardiac Surgery on the Brain

Regional High-Flow Cerebral Perfusion Improves
Both Cerebral and Somatic Tissue Oxygenation in
Aortic Arch Repair

Kagami Miyaji, MD, PhD, Takashi Miyamoto, MD, PhD, Satoshi Kohira, CCP,
Kei-ichi Itatani, MD, Takahiro Tomoyasu, MD, Nobuyuki Inoue, MD, and
Kuniyoshi Ohara, MD, PhD

Brain injury with systemic inflammation in newborns with Developmental Progress After Cardiac Surgery Neurodevelopmental Abnormalities
in Infancy Using Hypothermia and Congenital Heart Disease

and Circulatory Arrest Insights Into Altered Brain Maturation

Usefulness of Regional Cerebral Perfusion
Combined With Coronary Perfusion During
One-Stage Total Repair of Aortic Arch Anomaly
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Eui-Suk Chung, MD, Chang-Ha Lee, MD, PhD, Jeong Ryul Lee, MD, PhD, and
Yong Jin Kim, MD, PhD

congenital heart disease undergoing heart surgery
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DEVELOPMENTAL AND NEUROLOGIC EFFECTS OF ALPHA-STAT VERSUS PH-STAT STRATEGIES Developmental and Neurological Status of Children at 4 Perioperative Stroke in Infants Undergoing Open Heart Increasing duration of circulatory arrest, but not antegrade cerebral
FOR DEEP HYPOTHERMIC CARDIOPULMONARY BYPASS IN INFANTS I Ye arspof Age After Heart Sgurgery With Hypothermic Operations for Congenital Heart Disease perfusion, prolongs postoperative recovery after neonatal cardiac
surgery

Circulatory Arrest or Low-Flow Cardiopulmonary Bypass
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Randomized trial of hematocrit 25% versus 35% during
hypothermic cardiopulmonary bypass in infant heart surgery
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Long-term neurodevelopmental outcomes in school-aged
children after neonatal arterial switch operation

A COMPARISON OF THE PERIOPERATIVE NEUROLOGIC EFFECTS OF HYPOTHERMIC
CIRCULATORY ARREST VERSUS LOW-FLOW CARDIOPULMONARY BYPASS IN INFANT

Neurodevelopmental Outcomes Following Regional Cerebral

Perfusion with Neuromonitoring for Neonatal Aortic Arch HEART SURGERY
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arch reconstruction: The perfusion techniques we use and
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Principles of Antegrade Cerebral Perfusion During Arch

Non-invasive Assessment of

Intellectual Functioning in Children
with Congenital Heart Defects
Treated with Surgery or by Catheter

Cerebral Blood Flow and Oxygen Clinically Silent Preoperative Brain Injuries Do Not Worsen with
Metabolism in Neonates during

Hypothermic Cardiopulmonary

Reconstruction in Newborns/Infants

Arterial switch with full-flow cardiopulmonary bypass and Surgery in Newborns with Congenital Heart Disease

Relationship of Intraoperative Cerebral Oxygen Saturation to
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New White Matter Brain Injury after Infant Heart Surgery is Associated with Diagnostic
Group and the Use of Circulatory Arrest
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Behaviour at eight years in children with surgically corrected
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Multimodality Neuromonitoring for
Pediatric Cardiac Surgery: Our
Approach and a Critical Appraisal of
the Available Evidence

Modified ultrafiltration may not improve neurologic outcome following
deep hypothermic circulatory arrest™

Impaired Global and Regional Cerebral Perfusion in Newborns
with Complex Congenital Heart Disease

- — - - . Quality of Life of Children After Repair of Transposition
A randomized clinical trial of regional cerebral perfusion of the Great Arteries

versus deep hypothermic circulatory arrest: Qutcomes for
infants with functional single ventricle
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The effect of duration of deep hypothermic circulatory
arrest in infant heart surgery on late neurodevelopment:
The Boston Circulatory Arrest Trial

Neurodevelopmental Outcomes After Open Heart
Operations Before 3 Months of Age
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Brain magnetic resonance imaging abnormalities after the HEART DURING HYPOTHERMIA
Norwood procedure using regional cerebral perfusion
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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?
e Alpha-stat vs pH stat
. Flow rates
o 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

But How Much Does It Matter?:

Variance in Scores Explained By:

Intraoperative™
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o /e

oo1s6iwernovsky — (Children’s National ..

STS/EACTS Latin America Cardiovascular Surgery Conference

(4% The Society
‘W) of Thoracic
e 9 Surg ns i European Association For Cardio-Thoracic Surgery




The Journal of Thoracic and Cardiovascular
surgery

Volume 152, Issue 2, August 2016, Pages 482489

Congenital: Hypoplastic left heart syndrome

Increasing cumulative exposure to volatile anesthetic agents is
associated with poorer neurodevelopmental outcomes in
children with hypoplastic left heart syndrome
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Increasing VAA exposure associated with significantly worse:

* Full Scale 1Q
* Total language scores

e Executive function

* Memory

* Reading skills

* Math skills
—ALL p < 0.05
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Increasing Fentanyl| Exposure Associated with Significantly Worse:

Full Scale 1Q
Total Language
Processing speed
Memory
Fine motor skills
Math skills

 ALL p<0.05
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Cardiopulmonary Bypass
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Phthalates have been consistently implicated in learning difficulties & ADHD

Intensive Care Med (2016) 42:379-392
DOI 10.1007/s00134-015-4159-5 ORIGINAL
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G)cfossMark
g el Circulating phthalates during critical illness
e In children are associated with long-term
G. Malarvannan attention deficit: a study of a development
e Bl and a validation cohort
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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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Taking “Stuff” Out As Soon As Possible

JShort Term and Long Term Risk

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

assessed 4 years after PICU Admission.
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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

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

But How Much Does It Matter?:

Variance in Scores Explained By:

Maternal Mental
Health™
25%
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Melissa Jones, MSN Gil Wernovsky, MD Sherrill Caprarola, MD

Neurologists

Jessica Carpenter, MD Dana Harrar, MD



Coordinators

Psychology
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NeuroCardiac Critical Care Program:
Integral Part of a Comprehensive Approach to the
Developing Brain in Children with Critical CHD

T

Outpatient Findings and

CICU CICU

Treatment

Effects of CHD in the
Fetus

Institute for the Center for Cardiac
Developing Brain Neuroscience Neurodevelopmental
Research Outcome Clinic
Fetal Heart Program (CANDO)

Operating
Room

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

Six Pillars

Standardized
Assessments

Monitoring and
Surveillance

Daily Sedation/Analgesia NIRS

Pre & Post-Op MRI EEG
Newborn Screen Etiometry
Hearing Screen Biomarkers

Cerebral Blood Flow

Routine Consults:
Neonatology
Neurology
Genetics
Physical Therapy
Occupational Therapy
Speech, Language, Feeding
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Neurodevelopmental
Care

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

Neuroprotection

Phase | Clinical Trials

Seizure Treatment
Protocols

Extended Family |

Support

Mental Health Support

Case Manager
Mindfulness
Social Work

Child Life
Clergy
Yoga

Telemedicine
Post-Discharge

Immediately
Available

Portable CT
Ultrasound
MRI
EEG

Critical Care
Neurologist

Developmental
Intensivist
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Risks for Brain Injury are Multiple and Cumulative
Treatment Must Be Multidisciplinary & Longitudinal

Research is Ongoing
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Further
Research
Timing of

Surgery

Low Cerebral
Oxygen Delivery

Risk of
Paradoxical
Embolus
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Further
Research

Effects on the
Brain From
Anesthesia

and CPB

Avoid Hyperventilation

Borderline
Hemodynamics

Prolonged or Too
Much Mechanical
Ventilation
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Reduce Length of Stay
Bland
Sedation Environment
Analgesia La;k of S(?cial
| Stimulation
; Sﬁessg)“e"t Noxious Stimuli
T Noise
.

Family Support

Poor Oral Motor Increased
Coordination Parental Stress
& Anxiety
Decrea.nsed MpeeEins
heeding Outcome
Wernovsky G and Licht D.

Peds Crit Care Med 2016;17(Aug):5232-5242
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\ ) \ 8th World Congress of
el ) Pediatric Cardiology
» and Cardiac Surgery

SEPTEMBER 19-24, 2021
WASHINGTON D.C.

— Enelcentro de la —
COMMUNIDAD GLOBAL

pediatrica y cardiaca

Visite WCPCCS2021.0rg para mas informacion.

Copresidentes: Jeffrey P. Jacobs, MD e Gil Wernovsky, MD
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