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Note: This document applies to mechanically ventilated neonates with persistent
hypoxemic respiratory failure (HRF) in association with suspected/proven acute
pulmonary hypertension (PH). This document is not applicable for infants with congenital

diaphragmatic hernia.

The document has been subdivided into broad monitoring and management topics and
each topic is subdivided into 3 sections, domain, recommendation, and strength of

recommendation following the EPIQ bundle format.

A. Monitoring of clinical variables

Domain Recommendation

Strength of
recommendation &
certainty of evidence

What clinical variables | Recommended:

should be monitored? Non-invasive:

Blood pressure (systolic, mean, diastolic)
Heart rate

Capillary refill time

Urine output

Continuous pre and post ductal oxygen
saturation monitoring

Invasive:

Arterial line should be used for monitoring
of BP in neonates with PPHN (when
possible)

Serial assessments of oxygen index (OI) is
recommended

[OI=MAP x Fio, x 100/ Pao]

OI 15-25: Moderate HRF

25-40: Severe HRF

>40: Very severe HRF

Suggested:

If Ol is not available, may consider OSI
(oxygen saturation index)

- OSI =MAP x Fi0, x 100/ SpO.
[OI=0.0745 + (1.783x0SI)] (not validated
for OI >25 or SpO2 <85 or >95)

CVP monitoring may be helpful

Strong
recommendation
[based on group
consensus; low to
very low certainty of
evidence]

Weak
recommendation
[based on group
consensus; low to
very low certainty of
evidence]
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[Low values (<5 cm H>O) suggest
hypovolemia; trending may be helpful]

What BP thresholds
should be used to
define hypotension?

Target Blood Pressure systolic / diastolic
and mean BP above the 3™ centile for
gestational age (Zubrows)- or mean BP >
CGA as per standard local protocol.

May use patient specific BP threshold
where tissue oxygen delivery is deemed
compromised based on clinical judgement

Weak
recommendation [low
certainty of evidence]

What should be the
frequency of non-
invasive BP
monitoring?

BP should be measured q 15 min until
patient is hemodynamically stable
following which q 1 hour pre-ductal BP
should be preferred in non-invasive BP
measurement

Weak
recommendation
[based on group
consensus; very low
certainty of

A urine output of <0.5 ml/kg/hr or greater
than 50% drop from baseline urine output
with optimized intravenous fluids may
suggest hemodynamic compromise — may
consider more frequent monitoring.

Monitoring using in dwelling urinary
catheter may be used in anuria or suspected
retention [eg. from opioids or muscle
relaxant]

evidence]
How should urine Routine UOP monitoring q 4-8 h based on | Weak
output be monitored? local practice. recommendation

[based on group
consensus; very low
certainty of evidence]

Should NIRS be
routinely used?

Clinicians may use NIRS as an adjunct in
centres where NIRS monitoring is available
and local practice guidelines have been
developed.

Insufficient evidence to suggest thresholds
for intervention

Weak
recommendation [low
certainty of evidence]

B. Fluids

What type of fluid?

Normal Saline (NS)

Strong recommendation
[based on group
consensus; low certainty
of evidence]
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Volume of each bolus

10ml/kg over 20-30min

Strong recommendation
[based on group
consensus; low certainty
of evidence]

Maximum volume of initial
resuscitation

In patients with suspected
hypovolemia consider giving
1-2 NS boluses.

In neonates with PPHN avoid
multiple fluid boluses due to
potential concomitant cardiac
dysfunction.

Weak recommendation
[based on group
consensus; low to very
low certainty of
evidence]

C. Ventilation

What mode of ventilation
should be used?

Both conventional and high
frequency modes can be used as
per local clinical practice.

Strong recommendation
[moderate certainty of
evidence]

What should be the SpO2, pH,
pCO2 and paO2 targets in
patients with PPHN?

Suggested clinical targets:

pH: 7.25-7.35

pCO2: 45-55 mm Hg

[avoid hypocarbia]

Pa02: 60-80 mm Hg [avoid
hyper and hypoxia]

Preductal SpO2 targets: 91-95%
(in refractory cases may consider
92-97%:; avoid hyperoxia)

Weak recommendation
[based on group
consensus; low to very
low certainty of evidence]

D. Sedation / Muscle relaxants

Is there indication for routine
use of muscle relaxants?

Should not be used routinely in
preterm infants

Maybe attempted in selected cases
with refractory hypoxemia in
spontaneously breathing infants

Strong recommendation
[based on group
consensus; low certainty
of evidence]

Weak recommendation
[based on group
consensus; low certainty
of evidence]

Is there indication for routine
use of sedation?

Should not be used routinely in
preterm infants.

Strong recommendation
[based on group
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Maybe considered in selected
cases to ensure patient comfort.

consensus; low certainty
of evidence]

Weak recommendation
[based on group
consensus; low certainty
of evidence]

E. Vasopressor / Inotropes

In acute PH neonates with potential hemodynamic compromise, early
use of echocardiography (TNE where available) is recommended to
confirm diagnosis, establish severity and guide hemodynamic
management. Critical cyanotic CHD should be ruled out by a pediatric
cardiologist in patients with persistent HRF.

In the absence of echocardiography (or when not feasible), the first
choice of cardiotropic agent should be informed by clinical suspicion of
cardiac dysfunction or peripheral vasodilatation. Hypotension driven by
low diastolic BP may indicate low systemic vascular resistance (SVR)
while low systolic BP may indicate cardiac dysfunction/low cardiac
output. Vasopressor may be considered as primary agent for former
while an inotrope may be considered for the latter.

Careful assessment for treatment response is warranted.

Strong
recommendation
[based on group
consensus; low to
very low certainty
of evidence]

What is the first line Norepinephrine or vasopressin are suggested
vasopressor? as first line agents [due to their relatively low
potential to adversely affect PVR/SVR ratio]

Dopamine should be used with caution and is

Weak
recommendation
[based on group
consensus; low to
very low certainty

and the rate of titration? | drug interactions consult local formulary]

Vasopressin: 0.0003 u/kg/min, increased by

not recommended as first line vasopressor in | of evidence]
PPHN as it may worsen PVR/SVR ratio

What is the starting [All dosages mentioned below are suggested | Weak

dose of vasopressors starting dosages, for maximum dose and recommendation

[based on group
consensus; low to
very low certainty

0.0001-0.0003 w/kg/min q 30 min of evidence]
Norepinephrine: 0.05mcg/kg/min, increase
by 0.05mcg/kg/min q30 minutes

What is the first line Dobutamine or Epinephrine Weak

inotrope? recommendation

[low to very low
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certainty of

of first line inotrope and
the rate of titration?

Epinephrine: starting dose 0.01 mcg/ kg/min.

Increase by 0.01-0.02 q 30-60 minutes

evidence]

Milrinone is the agent of choice in patients Strong
with low cardiac output (CO) in the presence | recommendation
of normal or high BP. May induce [moderate certainty
hypotension in neonates with HIE of evidence]
undergoing therapeutic cooling.

What is the starting Dobutamine: Smcg/kg/min, increase by Weak

dose and titration dose | Smcg/kg/min q30 minutes recommendation

[based on group
consensus; low to
very low certainty

should be used?

(epinephrine), Na (if vasopressin)

of evidence]
Milrinone: starting dose 0.33mcg/kg min,
may be increased up to 0.66 mcg/kg/min, no
loading dose
What clinical and Specific additional Biochemical parameters: | Strong
biochemical monitoring | Blood gas, serum lactate, glucose recommendation

[based on group
consensus; low to
very low certainty
of evidence]

F. Pulmonary vasodilator therapy

What is the first line
pulmonary vasodilator
therapy?

Inhaled nitric oxide (iNO)
Dose: 20 ppm

For term and near-
term infants: Strong
recommendation
[moderate certainty
of evidence]

For preterm infants:
Weak

MgS0O4

recommendation
[low certainty of
evidence]
Are there any additional | No clear evidence for 2™ line therapy. Weak
pulmonary vasodilator | When additional pulmonary vasodilatory recommendation
therapy? effect is desired, and BP is not a concern: [very low certainty
Milrinone of evidence]
Slidenafil
Prostacyclin
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Bosentan

When opening the ductus to protect systemic
circulation and cardiac function is required:
PGE1

G. Adjunct therapies

Is there any indication for Use of sodium bicarbonate in the | Strong recommendation
the routine use of sodium context of PPHN is not routinely [based on group
bicarbonate infusions? recommended consensus; low
certainty of evidence]

However, to optimize the pH milieu | Weak recommendation

for a minimal critical threshold to [based on group
prevent inactivation of consensus; very low
vasopressor/inotropes bicarbonate certainty of evidence]

may be used in selected cases

Is there any indication for No available evidence to support | Weak recommendation

the use of corticosteroids? | use of steroids in the context of [based on group
PPHN. For inotrope-refractory consensus; very low
hypotension its use may be certainty of evidence]
considered.

Choice of corticosteroid:
Hydrocortisone 0.5-1.0 mg/kg — as
per local protocol

Suggested role of TNE guided care in neonates with acute PH

A complete echocardiography reported by pediatric cardiologist is recommended in patients
with refractory PH/HREF, to rule out congenital heart disease [Strong recommendation; based
on group consensus]

For sites with TNE capabilities, when should | Early TNE is suggested to delineate

a TNE be requested? underlying circulatory physiology in patients
with worsening oxygenation, where PH is
suspected or in patients with PH-associated
hemodynamic compromise
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pulmonary pressures?

How some TNE findings may influence management decisions in presence of elevated

Good biventricular systolic function or only
RV dysfunction, normal range biventricular
outputs, and normal blood pressure.

May consider addition of pulmonary
vasodilators.

If a systemic agent is being used and results in
significant reduction in blood pressure,
consider using vasopressin or norepinephrine
to treat resultant systemic vasodilation.

Good biventricular systolic function or only
RV dysfunction, normal range biventricular
outputs, and low blood pressure.

Consider using vasopressin or norepinephrine
to treat systemic hypotension.

Good biventricular systolic function or only
RV dysfunction, normal RV output, low
volume left ventricle (LV) with low LVO,
bidirectional or right to left shunting PDA.

Suggest low pulmonary blood flow from right
to left ductal shunt.

May consider therapies which will reduce
ratio of pulmonary to systemic vascular
resistance — selective pulmonary vasodilators
(iINO), selective rise in systemic vascular
resistance (vasopressin) or relatively more rise
in systemic vascular resistance than
pulmonary (norepinephrine).

RV dysfunction and low RV output, good LV
function.

May select therapies aimed to improve RV
function/output and reduce RV afterload —
selective pulmonary vasodilator (iNO),
Milrinone for combined affect of pulmonary
vasodilation and positive inotropy (if patient
normotensive),

Other systemic pulmonary vasodilators (if
patient normotensive)

Dobutamine or beta dose epinephrine to
improve RV inotropy and output (especially if
systemic hypotension).

Assess ductus, if restrictive or closed,
consider using prostaglandin in order to
offload the RV and support systemic
circulation (especially if RV dysfunction
persists despite above).

Biventricular dysfunction and low cardiac
outputs

Therapies to improve cardiac function and
outputs should be considered early
(dobutamine, beta dose epinephrine) along
with selective pulmonary vasodilator (iNO).
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Caution is advised in the use of systemic
pulmonary vasodilators unless blood pressure
are robust.

Exclusive LV dysfunction and low LVO The adequacy of systemic circulation may be
duct dependant. May consider dobutamine or
beta dose epinephrine to improve LV function
and output before initiating treatments that
may drop pulmonary vascular resistance.

Caution is advised in the use of therapies
which may increase LV afterload, such as
vasopressin.

Assess ductus, if restrictive or closed,
consider using prostaglandin in order to
support systemic circulation.

References

Jirapaet KS, Kiatchuskul P, Kolatat T, Srisuparb P. (2001). Comparison of high-frequency flow
interruption ventilation and hyperventilation in persistent pulmonary hypertension of the
newborn. Respir Care, 46(6), 586-94.

Paoli, Antonio, Clark, R, Bhuta T, Henderson-Smart D. (2009). High frequency Oscillatory
ventilation versus conventional ventilation for infants with severe pulmonary dysfunction born at
or near term. Cochrane Database Syst Rev, 2009(3), CD002974.

Rojas-Reyes M, Orrego-Rojas PA. (2015). Rescue high-frequency jet ventilation versus
conventional ventilation for severe pulmonary dysfunction in preterm infants. Cochrane
Database Syst Rev, 2015(10), CD000437.

Rojas MA, Lozano JM, Rojas MX, Bose CL, Ronon MA, Ruiz G, Pineros JG, Rojas C, Robayo
G, Hoyos A, Celis LA, Torres S, Correa J, Colombian Neonatal Research Network. (2005).
Randomized, multicentre trial of conventional ventilation versus high - frequency oscillatory
ventilation for the early management of respiratory failure in term or near - term infants in

Colombia. Journal of Perinatology, 25, 720-4.

Clark RH, Yoder BA, Sell MS. (1994). Prospective, randomized comparison of high - frequency

oscillation and conventional ventilation in candidates for extracorporeal membrane oxygenation.
Journal of Pediatrics, 124, 447-54.v.

Bhuta T, Henderson-Smart DJ. (1998). Rescue High frequency oscillatory ventilation versus
conventional ventilation for pulmonary dysfunction in preterm infants. Cochrane Database Syst
Rev, 1998(2), CD000438.



EPIQ

Evidence-based Practice for Improving Quality Hemodynamics Group

Kinsella JP, Troug WE, et al. (1997). Randomised multicenter trial of inhaled nitric oxide and
high frequency oscillatory ventilation in severe persistent pulmonary hypertension of the
newborn. J Pediatr, 13, 55-62.

Boloker J, Bateman DA, Wung JT, Stolar CJ. (2002); Congenital diaphragmatic hernia in 120
infants treated consecutively with permissive hypercapnea/spontaneous respiration/elective
repair. J Pediatr Surg, 37(3), 357-66.

Guidry CA, Hranjec T, Rodgers BM, Kane B, McGahren ED. (2012). Permissive hypercapnia in
the management of congenital diaphragmatic hernia: our institutional experience. J Am Coll Surg,
214(4), 640-647.el.

Javish Barnes, Vasileios Zochios, Ken Parhar, (2018). Re-examining Permissive Hypercapnia
in ARDS: A Narrative Review,Chest, 154(1), 185-195.

Zhou W, Liu W. (2008). Hypercapnia and hypocapnia in neonates. World J Pediatr. 4(3), 192—
196.

Pappas A, Shankaran S, Laptook AR, et al. (2011); Hypocarbia and adverse outcome in neonatal
hypoxic-ischemic encephalopathy. J Pediatr, 158(5), 752-758.¢l.

Cools F, Offringa M.( 2005). Neuromuscular paralysis for newborn infants receiving
mechanical ventilation. Cochrane Database of Systematic Reviews, 2005(2), CD002773.

Bellu R, de Waal K, Zanini R. (2010). Opioids for neonates receiving mechanical ventilation: a
systematic review and meta-analysis. Archives of Disease in Childhood - Fetal and Neonatal
Edition, 95, F241-F251.

Bendapudi P, Gangadhara Rao G, Grennough A. (2015). Diagnosis and management of
persistent pulmonary hypertension in the newborn. Paediatric Respiratory Reviews, 16, 157-161.

Nair J, Lakshminrusimha S.(2014). Update on PPHN; Mechanisms and treatment. Seminars in
Perinatology, 38(2), 78-91.

Walsh-Sukys M.C, Tyson JE, Wright LL et al. (2000). Persistenet pulmonary hypertension of the
newborn in the era before nitric oxide. Practice variation and outcomes. Pediatrics, 105, 14-20.

Bifano EM, Pfannenstiel A.(1988). Duration of hyperventilation and outcome in infants with
persistent pulmonary hypertension. Pediatrics, 81, 657-661.

Hendricks-Munoz KD, Walton JP. (1988). Hearing loss in infants with persistent fetal
circulation. Pediatrics, 81 650-656.

Dworetz AR, Moya FR, Sabo B et al. (1989) Survival of infants with persistent pulmonary
hypertension without ECMO. Pediatrics, 84, 1-6.



EPIQ

Evidence-based Practice for Improving Quality Hemodynamics Group

Meyer S, Sander J, Graber s, Gottschling S, Gortner L. (2010). Agreement of invasive versus
non - invasive blood pressure in preterm neonates is not dependent on birth weight gestational
age. J Paediatr Child Health, 46(5), 249-54.

Konig K, Casalaz DM, Burk EJ, Watkins A. Accuracy of non-invasive blood pressure monitoring
in very preterm infants. Intensive Care Med, 38)4), 670-6.

Troy R, Doron M, Laughon M, Tollerson-Rinehart S, Price W. (2009). Comparison of
noninvasive and central arterial blood pressure measurements in ELBW infants. Journal of
Perinatology, 29(11), 744-9.

Mitra S, Bale G, Meek J, Tachtsidis I, Robertson NJ. (2020). Cerebral Near Infrared
Spectroscopy Monitoring in Term Infants With Hypoxic Ischemic Encephalopathy—A
Systematic Review. Front Neurol, 11, 393.

Hilgendorff A, Apitz C, Bonnet D, Hansmann G. (2016). Pulmonary hypertension associated
with acute or chronic lung diseases in the preterm and term neonate and infant. The European
Paediatric Pulmonary Vascular Disease Network, endorsed by ISHLT and DGPK. Heart, 102(2),
49-56.

Pichler G, Hollwer N, Baik-Schneditz N, et al. (2018). Avoiding Arterial Hypotension in
Preterm Neonates (AHIP)—A Single Center Randomised Controlled Study Investigating
Simultaneous Near Infrared Spectroscopy Measurements of Cerebral and Peripheral Regional
Tissue Oxygenation and Dedicated Interventions. Front Pediatric, 6, 15.

Acker SN, Kinsella JP, Abman SH, Gien J. (2014). Vasopressin Improves Hemodynamic Status
in Infants with Congenital Diaphragmatic Hernia. J Pediatrics, 165(1), 53-58.

Mohamed A, Nasef N, Shah V, McNamara PJ. (2014). Vasopressin as a rescue therapy for
refractory pulmonary hypertension in neonates: case series. Pediatric Critical Care, 15(2), 148-
54.

Ni M, Kaiser JR, Moffett BS, et al. (2017). Use of Vasopressin in Neonatal Intensive Care Unit
Patients With Hypotension. J Pediatr Pharmacol Ther, 22(6), 430-435.

Mohamed AA, Louis D, Surak A, Weisz D, McNamara PJ, Jain A. (2020) Vasopressin for
refractory persistent pulmonary hypertension of the newborn in preterm neonates — a case series.
J Matern Fetal and Neonatal Medicine, 29, 1-9.

El-Khuffash A, McNamara PJ, Breatnach C, et al. (2018). The use of milrinone in neonates with
persistent pulmonary hypertension of the newborn - a randomised controlled trial pilot study
(MINT 1): study protocol and review of literature. Matern Health Neonatol Perinatol, 3(4),24.

Dani C, Corsini I, Cangemi J, Vangi V, Pratesi S. (2017). Nitric oxide for the treatment of
preterm infants with severe RDS and pulmonary hypertension. Pediatr Pulmonol, 52(11), 1461-
1468.



EPIQ

Evidence-based Practice for Improving Quality Hemodynamics Group

Desandes R, Desandes E, Droullé P, Didier F, Longrois D, Hascoét JM. (2004). Inhaled nitric
oxide improves oxygen in very premature infants with low pulmonary blood flow. Acta Paediatr,
93(1),66-69.

Ballard RA, Keller RL, Black DM et al. (2016). Randomized trial of late surfactant treatment in
ventilated preterm infants receiving inhaled nitric oxide. J Pediatr, 168, 23-29.¢4

Su PH, Chen JY. (2008). Inhaled nitric oxide in the management of preterm infants with severe
respiratory failure. J Perinatol, 28(2), 112-116.

Fatima N, Arshad S, Quddusi Al et al. (2018). Comparison of the efficacy of sildenafil alone
versus sildenafil plus bosentan in newborns with persistent pulmonary hypertension. J Ayub Med
Coll Abbottabad, 30(3), 333-336.

Bassler D, Choong K, McNamara P, Kirpalani H. (2006). Neonatal persistent pulmonary
hypertension treated with milrinone : four cases reports. Biol Neonate, 89(1), 1-5.

Lakshminrusimha S, Porta N, Farrow KN et al. (2009). Milrinone enhances relaxation to
prostacyclin and iloprost in pulmonary arteries isolated from lambs with persistent pulmonary
hypertension of the newborn. Pediatr Crit Care Med, 10(1), 106-112.

McNamara PJ, Shivananda SP, Sahni M, Freeman D, Taddio A. (2013). Pharmacology of
milrinone in neonates with persistent pulmonary hypertension of the newborn and suboptimal
response to inhaled nitric oxide. Pediatr Crit Care Med, 14(1), 74-84.

Ahmad J Perinatol 2018

Berger-Caron F, Piedboeuf B, Morissette G, et al. (2018). Inhaled Epoprostenol for Pulmonary
Hypertension treatment in neonates: a 12-year experience. Am J Perinatol, 36(11), 1142-1149.

Maneenil G, Thatrimontrichai A, Janjindamai W, Dissaneevate S. (2018). Effect of bosentan
therapy in persistent pulmonary hypertension of the newborn. Pediatr Neonatol, 59(1), 58-64.

Rosenkranz S, Ghofrani HA, Beghetti M, et al. (2015). Riociguat for pulmonary hypertension
associated with congenital heart disease. Heart, 101(22), 1792-9.

Baquero H, Soliz A, Neira F, Venegas ME, Sola A. (2006). Oral sildenafil in infants with
persistent pulmonary hypertension of the newborn: a pilot randomized blinded study. Pediatrics,
117(4), 1077-83. 2006

Vargas-Origel A, Gomez-Rodriguez G, Aldana-Valenzuela C, et al. (2010). The use of sildenafil
in persistent pulmonary hypertension of the newborn. Am J Perinatol, 27(3), 225-30.

Uslu S, Kumtepe S, Bulbul A, Comert S, Bolat F, Nuhoglu A. (2011). A comparison of
magnesium sulphate and sildenafil in the trratment of the newborns with persistent pulmonary
hypertension: a randomized controlled trial. J Trop Pediatr, 57(4), 245-50.



EPIQ®

Evidence-based Practice for Improving Quality Hemodynamics Group



