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Children’s Hospital Colorado

CLINICAL PATHWAY

Inhaled Nitric Oxide (iNO) Weaning in the CICU
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Extubation Critieria:
If ventilated, iNO less than or equal to 20ppm and adequate
readiness criteria
e Consider extubation and
e Administer latest iNO rate X2 via nasal prongs upon
extubation
e Wean iNO per algorithm at Phase 1

Readin riteria for Starting iNO Wean:

Key Factors —

e FiO2 less than or equal to 60%

e Hemodynamically stable for greater than or equal to 6
hours

e No PAH triggers

Ancillary Factors —

e MPAP less than or equal to 50% MAP

e Normal Lactate

e DavO02 less than or equal to 30

Weaning Tolerance Criteria:
e 20% or less decrease in PaO2 -OR- 10% or less decrease

in sSPO2 AND FiO2 less than or equal to 60%
e No PAH rebound (MPAP less than or equal to 50% MAP)

PAH Tri |
Volume overload/pulmonary edema
Anemia
Pain/agitation
Acidosis

- 1" dose of 0.5mg/kg (max dose 10mg)
-2"dose of 0.75mg/kg (max dose 15mg)
-3" dose of 1mg/kg (max dose 20mg)
For oral intolerance start sildenafil IV:
- Less than or equal to 15kg:
-0.07 mg/kg/hr
- More than 15kg - Intermittent IV infusion with a goal
of 0.5 mg/kg/dose every 8 hours:
- 1" dose of 0.25 mg/kg (max does 5mg)
-2" dose of 0.38 mg/kg (max dose 7.5mg)
-3"dose of 0.5 mg/kg (max dose 10mg)
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TARGET POPULATION

Inclusion Criteria

Suspected or confirmed pulmonary hypertension and or right ventricular dysfunction requiring iNO for medical,
postoperative or post-interventional reason. Ventilated or extubated.

Exclusion Criteria
Patients outside the CICU

BACKGROUND | DEFINITIONS

Background:

Medical, postoperative or post-interventional cardiac patients in need of iINO require cautious and yet assertive
weaning of the latter in order to preserve hemodynamic stability and avoid potentially life-threatening rebound
pulmonary hypertension

There is a need for consistent and objective practices for the INO weaning process

Use iNO with caution in patients with suspected Pulmonary Venous Obstructive Disease (PVOD) or left
ventricular dysfunction as it may increase pulmonary capillary blood volume leading to pulmonary edema and/or
enhance the severity of the patient’s heart failure

Use of iNO in patients with Right-to-Left dependent blood flow may be contraindicated
Goal is to safely wean the iINO as soon as deemed possible and safe
Consider that abrupt discontinuation of INO may cause rebound pulmonary hypertension
Before weaning, patients must:

o Fulfill “Readiness Criteria”

o Be free of “Pulmonary Arterial Hypertension (PAH) triggers”
Extubation is to be considered if the patient fulfills the “Extubation Criteria”

Weaning guidelines are based on a three phase algorithm
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Definitions:
e iNO - Inhaled Nitric Oxide
e FiO2- Inspired oxygen fraction
e DaVO2- Arterial-venous oxygen difference/oxygen debt
e Pa02 — Partial pressure of oxygen
e sPO2- Peripheral capillary oxygen saturation
e SvO2- Mixed venous oxygen saturation
e PAP - Pulmonary Artery Pressure
e PAH- Pulmonary Arterial Hypertension
e PwP- Pulmonary Wedge Pressure
e PVR- Pulmonary Vascular Resistance
e MAP- Mean Arterial (systemic) Pressure
e MPAP — Mean Pulmonary Artery Pressure

Extubation Criteria:
If INO less than or equal to 20ppm and adequate readiness criteria:

e Consider extubation and
e Administer latest iINO rate X2 via nasal prongs upon extubation

e Wean iNO per algorithm at Phase 1

Readiness Criteria for Starting iNO Wean:
e Key Factors
o FiO2 less than or equal to 60%
o Hemodynamically stable for greater than or equal to 6 hours
o No PAH triggers
e Ancillary Factors
o MPAP less than or equal to 50% MAP
o No lactic acidosis
o DavO2 less than or equal to 30
Weaning Tolerance Criteria:
e 20% or less decrease in PaO2 —OR - 10% or less decrease in sPO2 —AND- FiO2 less than or equal to 60%
e No PAH rebound (MPAP less than or equal to 50% MAP)

PAH Triggers (selected):
e Volume overload/pulmonary edema
e Anemia
e Pain/agitation

e Acidosis

Page 4 of 9



&

O
CLINICAL PATHWAY ‘{Children’s Hospital Colorado

INITIAL EVALUATION

Oxygen Saturation

MPAP, PwP

Vital Signs - Systemic BP, HR, RR
Color

Perfusion

Near Infra-Red Spectroscopy (NIRS)
SvO2 and DavVO2

LABORATORY STUDIES | IMAGING

Echocardiography to assess for signs of PAH, ventricular function, cardiac repair and to rule-out residual lesions
ABG to access pH, ventilation and oxygenation

Lactate and SvO2 to evaluate tissue perfusion and DaVO2

CXR to access lung expansion and to rule out intra-thoracic “PAH triggers”

Bed-side hemodynamic evaluation via the Swan-Ganz catheter (Qp/Qs, MPAP, PwP, CO, CI, PVR, SVR), the
trans-thoracic pulmonary catheter and/or the left atrial catheter when indwelling

Note: patients with persistent iNO-dependent PAH and/or hemodynamic instability and/or suspicion
of residual lesions, may require a cardiac catheterization prior to weaning the iNO

BEFORE WEANING THE INO:

In patients with prior medical therapy for PAH, home medications should be resumed before weaning, as long as
tolerated by enteral or parenteral administration

Maintain adequate ventilation, oxygenation, and pH; Hypoxia, Hypercarbia, and acidosis may increase PVR and
worsen PAH

Avoid agitation and stressful procedures during weaning of iNO

Consider extubation if fulfilling “Extubation Criteria”; if applicable, double the latest amount of iINO (in ppm) via
nasal prongs

Maintain stable hemodynamics

Assess iINO Weaning “Readiness criteria”

DURING THE INO WEANING:

Evaluate “Weaning Tolerance Criteria”

Phase 1 weaning includes completion of the primary interventions with the first round of non-tolerance of
sequential reduction of iNO:

o Return to last stable iNO rate
o Increase FiO2 by 20% to a maximum of 60%
o Check ABG or VBG, lactate and svO2
o Rule out residual lesions
o Echocardiography
o Ifindwelling Swan-Ganz catheter: Qp/Qs estimation, CO, Cl, SVR and PVR as required
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o Re-assess inotropic drugs
o Evaluate for “PAH Triggers”
o Consider starting Sildenafil PO or IV after the above have been addressed

o Wait 4 hours, then reassess “Readiness Criteria” and begin again at Phase 1 weaning if ready

e Phase 2 weaning includes the consideration of all primary interventions and starting sildenafil with the second
round of non-tolerance of sequential reduction of iINO according to the following schedule:

o Start PO sildenafil with a goal of 1mg/kg/dose every 6-8 hours (see algorithm above)
o For PO intolerance, start IV sildenafil (see algorithm above)

o  Wait for tolerance of the second dose or at 4 hours after the inception of the IV infustion reconsider the
“Readiness Criteria” and begin again at Phase 1 weaning if ready

e Phase 3 weaning includes consideration of the primary interventions, continued Sildenafil, and consultation of
the Cardiology PAH team with the third round of non-tolerance of sequential reduction of INO

AFTER THE INO WEANING:

e Continue to assess weaning tolerance criteria for 4 hours

e |If stable, start weaning FiO2
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Clinical pathways are intended for informational purposes only. They are current at the date of publication and are reviewed on a
regular basis to align with the best available evidence. Some information and links may not be available to external viewers.
External viewers are encouraged to consult other available sources if needed to confirm and supplement the content presented in
the clinical pathways. Clinical pathways are not intended to take the place of a physician’s or other health care provider’s advice,
and is not intended to diagnose, treat, cure or prevent any disease or other medical condition. The information should not be used
in place of a visit, call, consultation or advice of a physician or other health care provider. Furthermore, the information is provided
for use solely at your own risk. CHCO accepts no liability for the content, or for the consequences of any actions taken on the basis
of the information provided. The information provided to you and the actions taken thereof are provided on an “as is” basis without
any warranty of any kind, express or implied, from CHCO. CHCO declares no affiliation, sponsorship, nor any partnerships with any
listed organization, or its respective directors, officers, employees, agents, contractors, affiliates, and representatives.
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Discrimination is Against the Law. Children’s Hospital Colorado complies with applicable Federal civil rights laws and does not discriminate on the basis of race, color, national
origin, age, disability, or sex. Children’s Hospital Colorado does not exclude people or treat them differently because of race, color, national origin, age, disability, or sex.

Children’s Hospital Colorado provides free aids and services to people with disabilities to communicate effectively with us, such as: Qualified sign language interpreters, written
information in other formats (large print, audio, accessible electronic formats, other formats). Children’s Hospital Colorado provides free language services to people whose primary
language is not English, such as: Qualified interpreters, information written in other languages.

If you need these senvices, contact the Medical Interpreters Department at 720 777 9800.

If you believe that Children’s Hospital Colorado has failed to provide these services or discriminated in another way on the basis of race, color, national origin, age, disability, or
sex, you can file a grievance with: Corporate Compliance Officer, 13123 E 16th Avenue, B450, Aurora, Colorado 80045, Phone: 720 7771234, Fax: 720777 7257, corporate.
compliance@childrenscolorado.org. You can file a grievance in person or by mail, fax, or email. If you need help filing a grievance, the Corporate Compliance Officer is available to
help you.

You can also file a civil rights complaint with the U_S. Department of Health and Human Services, Office for Civil Rights, electronically through the Office for Civil Rights Complaint
Portal, available at ocrportal hhs goviocr/portallobby jsf, or by mail or phone at: U.S. Department of Health and Human Services 200 Independence Avenue, SW Room 509F HHH
Building Washington, D.C. 20201 1-800-368-1019, 800-537-7697 (TDD) Complaint forms are available at www hhs_gov/ocr/office/file/index_html.

Children’s Hospital Colorado complies with applicable Federal civil rights laws and does not discriminate on the basis of race, color, national origin, age, disability, or sex.
ATENCION: si habla espafiol, tiene a su disposicién servicios gratuitos de asistencia lingtiistica. Llame al 1-720-777-9800.

CHU Y: Néu ban néi Tiéng Viat, c6 cac dich vu hé fro ngén ngit mién phi danh cho ban. Goi s 1-720-777-9800.

Fo: @0l &AM = A F, Aol A Mu|2E FEZ o] & & SlFYTE. 1-720-777-9800 M2z Agfs] F4A L

DR IREMERERT L, Sl RS . MEE1-720-777-9800.

BHMAHWE: Ecnu Bbl rOBOpPUTE Ha pycCcKOM A3klKe, TO BaM AOCTYNHLI OecnnarHsle yenyrv nepeeoaa. 3sonute 1-720-777-9800.

090F@f: Q09574+ £ hOICE WP STCT9° hCSF SCEFF 1] ASTHP Y +HIZ+PA: 08, 0Fh+Aw- (.0 1-720-777-9800 (00N 09+ A+ GF -,
&) 720-777-9800-1 & p Lo el dll pol 5 el sac Ll s ol Aall €30 i€ 1) ks sl

ACHTUNG: Wenn Sie Deutsch sprechen, stehen lhnen kostenlos sprachliche Hilfsdienstieistungen zur Verfiigung. Rufnummer: 1-720-777-9800.

ATTENTION : Si vous parlez francais, des services d'aide linguistique vous sont proposés gratuitement. Appelez le 1-720-777-9800.

T & £ 9IS TSl IeTED e U e ST ST ST Aol A SUeE © | P T ae 1-720-777-9800 |

PAUNAWA: Kung nagsasalita ka ng Tagalog, maaarn kang gumamit ng mga serbisyo ng tulong sa wika nang walang bayad. Tumawag sa 1-720-777-9800.

HEE: HAREL2TINAEE. BHOSHEEL2 SHAVAEE T ET. 17207779800 T, BRIHICT K <2 .

Nfi- O buru na asu Ibo, asusu aka oasu n'efu, defu, aka. Call 1-720-777-9800.
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