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How We Chose Centers

• High vs. Low In-OR 
Extubation Rates
• Key Metric: Expected or 

Better O/E for Risk 
Adjusted LOV

• Balancing Metric: 
Expected or Better Failed 
Extubation Rates



Big Picture:
Let’s Compare a Few Benchmark Operations in Our Selected 
Centers

• Tetralogy of Fallot Repair

• Arterial Switch Operation

• Fontan Procedure

• Atrioventricular Canal Repair



TOF Median Length of Ventilation (Version 3) 

Nationwide Children’s  
0 days (n=87)

Levine Children’s  
0.46 days (n=92)



Arterial Switch Median Length of Ventilation 
(Version 3) 

Nationwide Children’s  
1.94 days (n=46)

Levine Children’s  
1.92 days (n=46)



Fontan Median Length of Ventilation (Version 3) 

Nationwide Children’s  
0 days (n=105)

Levine Children’s  
0.31 days (n=91)



AV Canal Median Length of Ventilation (Version 3) 

Nationwide Children’s  
0 days (n=81)

Levine Children’s  
0.45 days (n=77)



The 28th Amendment: 
The Right to be 

Considered for an 
in OR Extubation

Brittany Shutes MD MPH
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Nationwide Children’s Heart Center
Feb 2019- 
current

Nationwide

Total Index Operations (Version 3)

NationwidePC4

PC4

STAT Category (Version 3)

1 1

2 2

3 3
4 4

5 5

2K

1K

3K

4K

Version 3= 
Feb 2019-Present



Nationwide Children’s Heart Center
▪ 5 Cardiothoracic Surgeons 

▪ 2 Cardiothoracic ORs and 1 on-unit procedure room

▪ 6 dedicated pediatric cardiac anesthesiologists

▪ 3 Cardiac Catheterization & 3 Electrophysiology Attendings
▪ 2 Cath labs (1 is a hybrid suite)

▪ 20 bed CTICU, neonates birth to floor readiness
▪ 2 Daytime/weekday teams = 1 attending and 1-2 frontline providers (NP, cardiac/ICU fellow)

▪ 375 surgical cases (300 index)/year= 7/week

▪ 640 CTICU encounters/year= 12/week 

▪ “Hybrid Center” (4yrs= 35 HLHS, 3 Nor, 28 hybrid, 4 bands)



Benefits of in OR extubation

▪ Physiologic benefits

▪ Avoidance of airway/pulmonary complications

▪ Reduced use of sedatives

▪ Reduced ICU and hospital LOS

▪ Parental and patient satisfaction

▪ ICU staffing implications – respiratory utilization



Physiologic Benefits

▪ Cardiopulmonary interactions
▪ Increased venous return (increased Glenn/Fontan flow)
▪ Decreased RV afterload, increased LV afterload

▪Neurohormonal response
▪ Decreased sympathetic tone
▪ Suppression of the renin-angiotensin-aldosterone system
▪ Reduced vasopressin release
▪ Increased natriuretic peptide secretion

▪ Airway clearance



Avoidance of airway and pulmonary 
complications

Unadjusted rate of 
1.9% (15 of 787)

Unplanned Extubation 
(Version 3)

Unadjusted rate of 
0.5% (1 of 2039)

Pneumonia VAP Post-OP 
(Version 3)



Reduced Post-OP Complications/Narcotics
Post-OP All Complications 

Adjusted (Version 3)

Any PC4 Complication (except open sternum)
All Index Surgical Hospitalizations

Adjusted for Pre-OP factors and STAT score:
age, preoperative length of stay, previous cardiothoracic operations, 

chromosomal abnormality or identified syndrome, presence of an extracardiac 
anomaly, underweight status, vasoactive support at the time of surgery, high 

risk preoperative factors (e.g. shock, renal failure, stroke), other identified STS 

preoperative risk factors, preoperative mechanical ventilation, and STAT score 

Narcotic Dependence Requiring 
weaning, Surgical patients 

(Version 3)Observed 20.5% (422/2055)
Adjusted 20.9%

Observed 6.1% (131/2146)



Reduced ICU LOS

Median Post-OP CICU LOS 
(Version 3)

Median = 1 day
2024 patients

Mean Adjusted Post-OP CICU LOS 
(Version 3)

Observed= 8.0 days
Adjusted= 8.1 days 
2026 patients

Adjusted for Pre-OP factors and STAT score:
age, preoperative length of stay, previous cardiothoracic operations, 

chromosomal abnormality or identified syndrome, presence of an extracardiac 
anomaly, underweight status, vasoactive support at the time of surgery, high 

risk preoperative factors (e.g. shock, renal failure, stroke), other identified STS 

preoperative risk factors, preoperative mechanical ventilation, and STAT score 



Reduced Hospital LOS (unadj, adjusted)

Median Surgical Hospital LOS
(Version 3)

Median = 5 days
2055 patients

Observed= 15.5 days
Adjusted= 15.7 days 
2026 patients

Adjusted Mean Surgical Hospital 
LOS (Version 3)

Adjusted for Pre-OP factors and STAT score:
age, preoperative length of stay, previous cardiothoracic operations, 

chromosomal abnormality or identified syndrome, presence of an extracardiac 
anomaly, underweight status, vasoactive support at the time of surgery, high 

risk preoperative factors (e.g. shock, renal failure, stroke), other identified STS 

preoperative risk factors, preoperative mechanical ventilation, and STAT score 



The team approach 
to in OR extubation

Surgeon

Perfusion

Anesthesia



Preoperative Evaluation and Patient Selection

▪ Approach each patient as a 
possible candidate for OR 
extubation

▪ Preoperative Huddle for every case 
to discuss operative plan, CPB 
plan, transfusion plan, and 
potential for OR extubation with:
▪ Surgeon

▪ Perfusionists

▪ Anesthesiologists



Anesthetic Management
▪ Mask or IV induction of anesthesia

▪ Maintenance with isoflurane and rocuronium

▪ Dexmedetomidine infusion at 0.5mcg/kg/hr after induction 
and terminated after weaning from CPB

▪ Fentanyl 10-15 mcg/kg dosed prior to surgical incision

▪ Minimize maintenance IVF
▪ Load with milrinone on bypass and off on 0.25mcg/kg/min

▪ Short RV-PA conduit cases and ASDs do not get routine milrinone

▪ IV acetaminophen 30 min prior to planned OTE

▪ Reversal of NMB with sugammadex
▪ Local anesthetic infiltration to the sternotomy incision or 

parasternal intercostal blocks



Perfusion/Bleeding Management

▪When possible, utilize acute 
normovolemic hemodilution (ANH)

▪Modified ultrafiltration after weaning from CPB

▪Use of a transfusion algorithm to minimize blood 
product transfusion (consider use of prothrombin 
complex concentrates when appropriate)

▪ Adequate surgical hemostasis

▪ Placement of a single mediastinal CT (most cases 
<1 year)



ROTEM driven post-
bypass hemostasis 
protocol



Intra-OP Extubation Criteria

▪Absence of concerning arrythmia 

▪No unexpected or significant TEE findings

▪Achievement of hemostasis 

▪Maintaining stable hemodynamics after chest closure

▪Trial of spontaneous ventilation with appropriate 
hemodynamics, saturations and arterial blood gas without rising 
lactate



PON #0 ICU Management
▪ Arterial Blood Gases (q1hr x 4, q2hrs x 4, q4hrs) and 

somatic NIRS for early identification of metabolic 
compromise

▪ EtCO2 by NC for continuous monitoring of respiratory 
compromise 

▪ Adequate pain management
▪ NCA (demand only) pump for narcotic management
▪ Scheduled acetaminophen +/- ketorolac starting PON#0

▪ Strategy for delirium management
▪ CAPD scoring, environmental controls, PRN Seroquel, 

precedex infusion (0.2-0.5)

▪ 2/3 maintenance for total IVF rate
▪ Allow PO if hemodynamics permit 4hrs post OP (wean IVF)
▪ Start Lasix 1mg/kg IV 6-12hrs post-OP



POD#1 ICU → Floor Transition

▪ If 4am blood gas reassuring turn off milrinone

▪Final blood gas at 8am

▪Devices removed (CVL, A-line, CT, wires) after rounds (10-noon)

▪Transition from NCA to scheduled/PRN enteral oxycodone 

▪ IV to enteral acetaminophen, ketorolac to ibuprofen

▪Transfer to floor by early afternoon with PIV only



Risks/Costs of in OR extubation
▪ Anesthesia/OR time

▪ Bleeding management
▪ Emergence time

▪ Airway or respiratory decompensation in transport/early ICU arrival
▪ Rare
▪ Sedation & pain management

▪ Risk of respiratory failure and re-intubation secondary to cardiac processes
▪ Residual lesions and hemodynamic instability
▪ Early post-OP bleeding and resuscitation
▪ Arrythmia
▪ Cardiac Arrest rate



Early Surgical Extubation Failure

▪ 2025, we extubated 83.1% of patients who came to the OR and were 
intubated by anesthesia in the OR for the case (251/302 patients).  

▪ 2 (2/251 = 0.8%) patients reintubated within 1 hour of arrival to ICU:  
▪ 1 for airway obstruction and hypoventilation

▪ 1 for JET with respiratory distress

▪ 4 (4/251 = 1.6%) patients reintubated within 6 hours of arrival to the ICU: 
▪ Reasons included seizure/stroke, respiratory failure/apneic episodes, and agitation



STS data for Reintubated for Respiratory 
Failure

Nationwide Children’s STS Average

Lesion All Extubated 
in OR

Extubated 
after OR

All Extubated 
in OR

Extubated 
after OR

Off Bypass Coarctation 5.9% 6.7% 0% 6.9% 3.7% 8.2%

VSD 2.1% 2.2% 0% 3.1% 2.0% 4.0%

TOF 4.4% 4.9% 0% 5.6% 4.5% 6%

AVC 15.2% 8.3% 40% 8.8% 7.3% 9%

ASO 6.9% 16.7% 4.4% 6.2% 5.9% 6.2%

Glenn 9% 10% 0% 7.7% 7.0% 8.1%

Fontan 2% 2% 0% 3.8% 3.6% 4.2%



Post-OP Cardiac Arrest 
▪ Jan 2023- March 2026 we had 33 cardiac 

arrests that occurred within 1 day post-
OP 

▪ 15 (44%) were on HFNC or less 
respiratory support at the time of the 
arrest
▪ 2 (13%) had no respiratory status change
▪ 2 (13%) were escalated to NIPPV
▪ 11 (73%) were intubated
▪ 3 had “acute respiratory insufficiency (2) or 

airway compromise (1)” identified as 
contributing to the arrest

▪ 8 (53%) ROSC, 7 (47%) ECMO

Observed= 4.1% (84/2070)

Cardiac Arrest in the CTICU 
Post-OP (Version 3)



Impact on Risk Adjustments- 
Post-Operative Cardiac Arrest (adjusted)

Observed= 3.83%, Expected 1.6% →
Adjusted= 5.6% (78/2039)

Post-OP Cardiac Arrest 
(Version 3)

▪ Adjusted for Pre-OP factors and STAT score:

▪ Leave the OR with open chest

▪ Maximum VIS in the first 2 postoperative hours

▪ Mechanical ventilation at postop hour 2

▪ ECMO in the first 2 hours postop

▪ CT output >5cc/kg  in first 2 hours



Impact on Risk Adjustments- Surgical 
Mortality- Unadjusted

Observed= 2.55% (52/2039) Adjusted= 2.34% (52/2039)

Surgical In-Hospital Mortality
 (Version 3)

Surgical In-Hospital Mortality
Adjusted (Version 3)

Adjusted for Pre-OP 
factors and STAT score:

Age (includes prematurity), 

Weight-for-age z-score, 
Chromosomal 

abnormality/Syndrome, Pre-

operative mechanical 
circulatory support at time of 
surgery, Persistent shock at 

time of surgery, Preop 
mechanical ventilation during 
hospitalization, Any other STS 

preop risk factor (excluding 
“other”), STAT score 



Impact on Risk Adjustments- 
Surgical Mortality- CICU Risk Adjusted
▪ Adjust for a patient’s severity of illness and the 

likelihood of mortality by accounting for factors 
present at the time the CICU assumes care: 
Adjusted for Pre-OP factors and STAT score:

▪ Leave the OR with open chest

▪ Maximum VIS in the first 2 postoperative hours

▪ Mechanical ventilation at postop hour 2

▪ ECMO in the first 2 hours postop

Adjusted= 3.16% (44/2084)

Surgical In-Hospital Mortality
CTICU Adjusted (Version 3)

Post-OP Open Sternum (Version 3)



25+ Years of experience to the approach

▪ 391 patients <1 year of age after 
congenital heart surgery on CPB 
published in 2009



A day in the Life of the Heart Center
Family and Friends Visit the 

Sim Center to better 
understand our work-life



Slow Is Smooth, Smooth Is 
Fast: The Case For 

a Conservative Approach to 
Extubation

Ryan Wilkes, MD



LCH Extubation Practice vs STS
STS 

Aggregate LCH



STS Extubation Practice 
     vs. PC4 RA Surgical Mortality



PC4 Risk Adjusted Postoperative CICU Overall 
Complications and Major Complications



PC4 Mean Risk Adjusted Postoperative Duration of 
Ventilation and Hospital LOS



PC4 Mean Risk Adjusted Postoperative Hosp LOS vs PC4 
Non Risk Adjusted Median Hosp LOS



PC4 Mean Risk Adjusted Postoperative Duration of 
Ventilation 

• Levine's Adjusted Duration of 
Ventilation = 1.97 days

• Nationwide's Adjusted Duration 
of Ventilation = 1.7

• Difference of 6.5 hours



PC4 Mean Risk Adjusted Postoperative Hospital LOS

• Levine's Adjusted Postoperative 
Hospital LOS 13.5 days

• Nationwide's Adjusted 
Postoperative Hospital LOS 15.5 
days

• Difference of 2 days



PC4 Risk Adjusted Postoperative CICU LOS



Pulmonary Complications



TOF: Median Duration of Ventilation

Levine 
Children’s 
Hospital 

0.46 Days 

Nationwide 
Children’s 

0 Days (87)

PC4 
Aggregate 

0.76 Days



TOF: Median Hospital LOS

Levine 
Children’s 
Hospital 

7 days (92) 

Nationwide 
Children’s 

5

PC4 
Aggregate 

7 (87)

Nationwide Children’s  
Levine Children’s  



STS TOF Postoperative LOS



Arterial Switch Operation:
     Median Duration of Ventilation

Levine 
Children’s 
Hospital 

1.92 
Days(46) 

Nationwide 
Children’s 

1.94 Days 
(46)

PC4 
Aggregate 

2.78



Levine 
Children’s 
Hospital 

12 days (46) 

Nationwide 
Children’s 

11 days (46)

PC4 
Aggregate 

13 days

Arterial Switch Operation:
     Median Hospital LOS



STS ASO Postoperative LOS



AVC: Median Duration of 
Ventilation

Levine 
Children’s 
Hospital 

0.45 days 
(77)

Nationwide 
Children’s 

0 days (81)

PC4 
Aggregate 

1 day



AVC: Median Hosp LOS

Levine 
Children’s 
Hospital 

8 days (77)

Nationwide 
Children’s 

7 days (81)

PC4 
Aggregate 

9 days



STS AVC Postoperative LOS



Fontan: Median Duration of 
Ventilation

Levine 
Children’s 
Hospital 

0.31 days 
(91)

Nationwide 
Children’s 

0 days (105)

PC4 
Aggregate 

0 day



Fontan: Median Hosp LOS

Levine 
Children’s 
Hospital 

10 days (91)

Nationwide 
Children’s 

8 days (105)

PC4 
Aggregate 

9 days



STS Fontan Postoperative LOS



But Why Not Extubate in the OR?

• The better staffed you are the better you can 
deal with an emergency

• The longer the ETT stays in the better the odds 
are that the patient will be intubated if an 
unexpected decompensation occurs

• The more poorly staffed you are, the less likely 
you are to risk dealing with an unexpected 
decompensation in a non intubated patient



Percentage of RNs with less than 2 years of cardiac critical care 
experience

LCH Nationwide



Percentage of RNs with less than 2 years of cardiac critical care 
experience

LCH

• Recommendation of at least 80% of nurses 
having at least 2 years of Peds Cardiac ICU 
experience.

• Levine's = 47%
• Nationwide = 78%



LCH Nationwide

Ratio of FLP to patients during typical weekday

FLP to patient ratio of 8.5 
for 2026



LCH Nationwide

Ratio of FLP to patients during typical weekday night

FLP to patient ratio of 17 
for 2026



RN hours of care per 
patient day (RNHPPD)

LCH Nationwide

NHPPD of 17.7 
for 2026



Staffing-Respiratory Therapy

Operating at 68% goal staffing



Summary

• In OR extubations can be safely 
done

• All programs have their own 
strengths versus weaknesses that 
must be considered

• A dunk and a lay-up are both 
worth two points



Thank You! 



Is It Clinically Significant?



Is It Clinically Significant?



Thank You!
Questions? 
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