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From Sideshows
to Modern NICUs

All the world loves a baby!

That sentiment
is true today and it was also true in 1903, when this
proclamation was on a large sign at Coney Island
New York, inviting visitors to come in and behold
live, premature babies in incubators.1 The spectacle
was complete with carnival barkers shouting at
passersby and was not just confined to Coney
Island, but repeated itself across World Fairs, in the
first half of the twentieth century. This might sound
absurd or perhaps even surreal, but in reality it was
the saving grace of thousands of premature babies
at a time when medical establishments were not
doing much to rescue them.
Martin Couney was the man behind the setup
and became known as the “incubator doctor”.2
He paid for the care of the babies entirely from
the proceeds of the incubator visitors and didn’t
charge the parents. Though he himself wasn’t a
doctor, he did collaborate with doctors and his
endeavor ultimately set the stage for neonatology
as a field.

Nurse with an infant in the Baby Incubator exhibit on
the Pike at the 1904 World’s Fair

In 1963 a tragic event further precipitated the growth and interest in neonatology. President John
F. Kennedy and First Lady Bouvier Kennedy’s son was born at 34.5 weeks of gestation. Although his
weight was robust (4lbs 10.5 ounces), he died 39 hours after birth from RDS.3 Despite advancements
since Coney Island, there was little doctors could do to help.
Now, half a century later, a San Diego Hospital celebrated the survival of Baby Saybie, a preemie born
at only 23 weeks of gestation in December of 2018.4 This incredible feat of the hospital and medical
team showcases just how far our knowledge and technology have come. The survival of Baby Saybie

1. Pollack, Michael. “The Incubated Babies of the Coney Island Boardwalk.” New York Times. August 2, 2015. Accessed February 28, 2020. https://www.nytimes.
com/2015/08/02/nyregion/the-incubated-babies-of-the-coney-island-boardwalk.html
2. Prentice, Claire. “The Man Who Ran a Carnival Attraction to Save Thousands of Premature Babies Wasn’t a Doctor at All.” The Smithsonian Magazine.
August 19, 2016. Accessed February 28, 2020. https://www.smithsonianmag.com/history/man-who-pretended-be-doctor-ran-worlds-fair-attraction-savedlives-thousands-premature-babies-180960200/
3. Altman, Lawrence K. M.D. “A Kennedy Baby’s Life and Death.” The New York Times. July 29, 2013. Accessed March 2, 2020. https://www.nytimes.
com/2013/07/30/health/a-kennedy-babys-life-and-death.html
4. Jacobo, Julia. “World’s smallest surviving baby, born at .5 pounds, goes home 5 months after birth.” Abcnews.com. May 29, 2019. Accessed February 28,
2020. https://abcnews.go.com/US/worlds-smallest-surviving-baby-born-pounds-home-months/story?id=63355492
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From Sideshows
to Modern NICUs

was no doubt unthinkable when Martin Couney set up his incubators, just as for some of us the idea
that life-saving interventions started out as a sideshow are unthinkable.
Of course the field of neonatology—as many other medical fields—is built on things that were
once believed impossible. Not that long ago, it was taught that we shouldn’t administer exogenous
surfactant to surfactant-deficient babies for fear that it would inhibit their endogenous surfactant
production.5
Similarly, it was once thought that High-Frequency Oscillatory Ventilation (HFOV) was impossible.6
Extra Corporeal Membrane Oxygenation (ECMO) also falls into this category of things we once
thought would have little or no value in neonates. But over the past couple of decades, more studies
and advancements in ECMO technology have made this therapy an invaluable life-saver.7
In the category of overuse, we once held the belief that exchange transfusion is necessary to treat
hyperbilirubinemia.8 We now know that this procedure should be used very sparingly in a small
section of patients for whom it is indicated.
As this walk down memory lane shows, best practices change as our understanding of medicine
and technology evolves. Looking closer at the present day, High Velocity Nasal Insufflation (HVNI)
is among the therapies that is experiencing shifting views and growing acceptance as its efficacy
becomes better understood. There is still a lot of confusion in the field about HVNI which is why there
is a need for this guide.
The following sections will provide an in-depth overview of the clinical evidence for HVNI as a gentler
alternative to nCPAP and clarify its role in the modern NICU’s toolkit.

5. Personal communication during my medical school experience.
6. Malhotra, Atul, and Jeffrey M Drazen. “High-frequency oscillatory ventilation on shaky ground.” The New England journal of medicine vol. 368,9 (2013):
863-5. doi:10.1056/NEJMe1300103
7. Makdisi, George, and I-Wen Wang. “Extra Corporeal Membrane Oxygenation (ECMO) review of a lifesaving technology.” Journal of thoracic disease vol. 7,7
(2015): E166-76. doi:10.3978/j.issn.2072-1439.2015.07.17
8. Hansen, Thor et al. “How common is exchange transfusion for the treatment of neonatal jaundice?” Medscape. December 27, 2017. Accessed March 2, 2020.
https://www.medscape.com/answers/974786-20577/how-common-is-exchange-transfusion-for-the-treatment-of-neonatal-jaundice
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HIGH VELOCITY NASAL INSUFFLATION IN NEONATES

One of the biggest sources of misunderstanding surrounding High Velocity Nasal Insufflation (HVNI)
has been its confusion with High Flow Nasal Cannula (HFNC). HVNI is non-inferior to nCPAP when it
comes to primary respiratory support as well as post-extubation support.9,10,11
However, HVNI often gets conflated with commodity high flow oxygen products, which have not
shown these clinical outcomes. Many studies don’t differentiate between the two, though this is
slowly changing in the medical field as randomized controlled trial evidence showed HVNI to have
outcomes comparable to Non-Invasive Positive Pressure Ventilation (NiPPV) when treating adult
emergency department patients in undifferentiated respiratory distress.12
Vapotherm therapy is Mask-Free NIV™ for spontaneously breathing patients, and as such a gentler
alternative to nCPAP.

The FDA Distinguishes Between HVNI and HFNC Products
Another distinguishing feature between Vapotherm therapy and commodity
high flow devices is that the FDA differentiates between HVNI and HFNC
Products. The U.S. Food and Drug Administration created a new product
code for the Precision Flow Hi-VNI™ system (the product that delivers HVNI),
placing the device into a different category from commodity high flow products
altogether. The code is QAV.
The indication for a HVNI system in the QAV product category is very similar
to pressure based non-invasive ventilation products. At this point in time, the
Precision Flow Hi-VNI™ system is the only device in this category.
But as noted, most studies don’t draw the same distinctions. Therefore,
when reading existing research, clinicians need to look closely to determine
whether a study was conducted with HVNI or with commodity high flow oxygen
products. When sorted accurately, the clinical literature demonstrates the
effectiveness of HVNI, as shown in the subsequent sections.

High Velocity Nasal
Insufflation (HVNI)
has been proven
non-inferior to
nCPAP for primary
respiratory
support as well as
post-extubation
support.9,10,11

9. Lavizarri A, Colnaghi M, Ciuffini F, Veneroni C, Musumeci S, Cortinovis I, Mosca F. “Heated, humidified high-flow nasal cannula vs nasal continuous positive
airway pressure for respiratory distress syndrome of prematurity – a randomized clinical noninferiority trial.” JAMA Pediatr. 2016 Aug 8.
10. Collins C, Holberton J, Barfield C, Davis P. “A randomized controlled trial to compare heated humidified high-flow nasal cannulae with nasal continuous
positive airway pressure postextubation in premature infants.” J Pediatrics. 2013 May; 162: 949-54.
11. Zivanovic, Sanja et al,. Nasal High-Flow Therapy as Primary Respiratory Support for Preterm Infants without the Need for Rescue with Nasal Continuous
Positive Airway Pressure. Neonatology 2019;115:175–181.DOI: 10.1159/000492930
12. Doshi, Pratik et al. High-Velocity Nasal Insufflation in the Treatment of Respiratory Failure: A Randomized Clinical Trial. Annals of Emergency Medicine,
2018. Published online ahead of print. https://www.ncbi.nlm.nih.gov/pubmed/29310868
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Primary Support Studies Overview
Currently there are many in the neonatal community who believe that high flow is not as effective as
nCPAP for primary support of RDS in neonates. When keeping in mind the type of device used in the
study, currently there is no clinical evidence which supports that commodity HFNC is an alternative
to nCPAP for the primary support of RDS. Here is an overview of two key studies that have been
conducted with commodity HFNC.
1. Nasal High-Flow Therapy for Primary Respiratory Support in Preterm
Infants (Conducted largely with HFNC [272 patients] and a minority of HVNI
[6 patients])13
Roberts and colleagues published the results of this multicenter, randomized, noninferiority trial in
September 2016 in the New England Journal of Medicine. It is important to note that the trial was
interrupted by the Data Safety Monitoring Board when it became apparent that the results would not
meet noninferiority.
Findings: Of 564 premature infants that were studied prior to interruption, 278 (49%) were assigned
to the HFNC group and 286 (51%) to the nCPAP group. 71 (25.5%) infants in the high-flow group failed
treatment and had to be moved to mechanical ventilation while 38 (13.3%) infants failed in the nCPAP
group (risk difference, 12.3 %; 95% CI, 5.8 to 18.7; P<0.001). The noninferiority margin was 10% and the
results found that HFNC is not a viable alternative to nCPAP as the treatment failure of that modality
was significantly higher than that of nCPAP.
2. Nasal High-Flow Therapy for Newborn Infants in Special Care
Nurseries (Conducted with HFNC)14

Manley and colleagues published this randomized, multicenter noninferiority trial in May 2019 in the
New England Journal of Medicine.

13. Roberts, Calum T., M.B., Ch.B., Louise S. Owen, M.D., Brett J. Manley, Ph.D., Dag H. Frøisland, Ph.D., Susan M. Donath, M.A., Kim M. Dalziel, Ph.D., Margo A.
Pritchard, Ph.D., David W. Cartwright, M.B., B.S., Clare L. Collins, M.D., Atul Malhotra, M.D., and Peter G. Davis, M.D. for the HIPSTER Trial Investigators. “Nasal
High-Flow Therapy for Primary Respiratory Support in Preterm Infants.” New England Journal of Medicine. September 22, 2016; 375:1142-1151.
14. Manley, Brett J., et al. Nasal High-Flow Therapy for Newborn Infants in Special Care Nurseries. N Engl J Med 2019; 380:2031-2040. DOI: 10.1056/
NEJMoa1812077
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Findings: Of 754 neonates in respiratory distress, 381 were randomized to the HFNC group and 373 to
the CPAP group. 78 (20.5%) of infants in the HFNC failed on treatment within 72 hours, while 38 (10.2%)
failed in the CPAP arm. The primary endpoint was evaluation of the failure rate requiring intervention,
which for HFNC consisted of either intubation or rescue by CPAP. The study was a noninferiority
design and the authors found that HFNC is not noninferior to CPAP as primary support of neonates in
respiratory distress.
In contrast, here is a very similar study design of a randomized controlled trial, but this time
conducted with Vapotherm high velocity therapy.
3. Heated, Humidified High-Flow Nasal Cannula vs Nasal Continuous
Positive Airway Pressure for Respiratory Distress Syndrome of Prematurity
A Randomized Clinical Noninferiority Trial (Conducted with HVNI)9
Lavizzari and colleagues published this randomized, monocentric noninferiority trial in August 2016 in
JAMA Pediatrics.
Findings: Of 316 infants, 158 were randomized to the HVNI group and 158 to nCPAP or BiPAP. 10.8%
of the HVNI group failed within 72 hours and was moved to mechanical ventilation while 9.5% of
the NCPAP/BiPAP group did (P=0.71). The noninferiority margin was 10% and the results of primary
outcomes found that HVNI is noninferior to nCPAP or BiPAP for the purpose of primary support of
infants with RDS.
Additionally, a pilot study conducted comparing not just nCPAP, but NiPPV with HVNI indicated the
same conclusion:
4. A Randomized Pilot Study Comparing Heated Humidified High-Flow
Nasal Cannulae with NIPPV for RDS (Conducted with HVNI)15

In June 2015, Kugelman and colleagues published the findings of this randomized, controlled, singlecenter pilot study in Pediatric Pulmonology.
Findings: Of 76 infants, 38 were randomized to HVNI and the other 38 to NiPPV. 28.9% of the patients
failed on HVNI while 34.2% failed on NiPPV. The trial found no significant difference in intubation
rates between the two approaches.
15. Kugelman A, Riskin A, Said W, Shoris I, Mor F, et al. (2015) A randomized pilot study comparing heated humidified high-flow nasal cannulae with NIPPV for
RDS. Pediatr Pulmonol 50(6): 576-583.
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A retrospective analysis also supports the use of HVNI for primary support.
5. Nasal High-Flow Therapy as Primary Respiratory Support for Preterm
Infants without the Need for Rescue with Nasal Continuous Positive Airway
Pressure (Conducted with HVNI)11
Zivanovic and colleagues published this multicenter, retrospective analysis in 2019 in Neonatology.
Findings: The study looked at the outcomes of respiratory support strategies in 381 premature infants
with RDS across two tertiary NICUs. All infants were stabilized in the delivery room using nCPAP and
then transitioned to HVNI for primary respiratory support. There were no significant differences in
patient characteristics between the centers. The study outcomes showed that using HVNI as primary
respiratory support for premature neonates without using nCPAP as rescue treatment resulted in
intubation rates of 12.8% which is comparable to published data.
Although the titles of these five studies make no distinction between HVNI and HFNC, these data
show that there is a clear difference in clinical outcomes between the two therapies. As HVNI is a form
of noninvasive ventilation, the similar clinical efficacy to NiPPV and nCPAP is to be expected.

Post-Extubation Studies Overview
When it comes to using HFNC for post-extubation of neonates there is not a strong verdict against it
in the medical community. As HVNI is a form of noninvasive ventilation, the similar clinical efficacy to
NiPPV and nCPAP for treating undifferentiated respiratory distress is to be expected.
1. A Randomized Controlled Trial to Compare Heated Humidified HighFlow Nasal Cannulae with Nasal Continuous Positive Airway Pressure
Postextubation in Premature Infants (Conducted with HVNI)16
Collins and colleagues published this prospective, randomized, controlled trial in May 2013 in The
Journal of Pediatrics.
Findings: Among 132 premature infants extubated from mechanical ventilation, extubation failure
rates were statistically similar for the two modalities with 34% of infants receiving nasal continuous
positive airway pressure (NCPAP) (22 of 65) and 22% of infants receiving HVNI(15 of 67) failing postextubation therapy. The results suggest that HVNI is an alternative to NCPAP to support premature
infants’ post-extubation.
16. Collins C, Holberton J, Barfield C, Davis P. “A randomized controlled trial to compare heated humidified high-flow nasal cannulae with nasal continuous
positive airway pressure postextubation in premature infants.” J Pediatrics. 2013 May; 162: 949-54.
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2. High-Flow Nasal Cannulae in Very Preterm Infants after Extubation
(Conducted largely with HFNC and some HVNI)17
Manley and colleagues published multicenter, randomized noninferiority trial in October 2013 in the
New England Journal of Medicine.
Findings: 303 premature infants were randomized to either the HFNC (152) or the CPAP (151) modality.
The postextubation treatment failure rate on HFNC/HVNI was 34% (52 of 152) and 26% on CPAP (39
of 151) (risk difference, 8.4 percentage points; 95% confidence interval, −1.9 to 18.7) The noninferiority
margin was 20% and the results found that HFNC/HVNI is noninferior to CPAP for post-extubation
support in premature infants.

Summary

HVNI vs. HFNC compared to nCPAP and NiPPV

Once the therapy behind the treatment is clarified, the data show a clear divergence of outcomes
between HFNC
HVNI. Figure
1 depicts a summary of all the studies discussed so far.
NICUand
Studies
Matrix

POST-EXTUBATION
Randomized Controlled Trials

PRIMARY RESPIRATORY SUPPORT
Randomized Controlled Trials

PRIMARY RESPIRATORY SUPPORT
Retrospective Analysis
(HVNI used exclusively without CPAP)

HVNI

HFNC

Collins 2013
n = 132, < 32 weeks GA
HVNI failure = 22%
CPAP failure = 34%

Manley 2013
n = 303, < 32 weeks GA, 1100gms
HFNC failure = 34%
CPAP failure = 26%

Kugelman 2014
n = 76, < 35 weeks GA, > 1000gms
HVNI failure = 29%
NIPPV failure = 34%

Roberts 2016; (HIPSTER)
n = 564, ≥ 28 weeks GA
HFNC failure = 25.5%
nCPAP failure = 13.3%

Lavizarri 2016
n = 316, 29-36 weeks GA
HVNI failure = 10.8%
nCPAP failure = 9.5%

Manley 2019; (HUNTER)
n = 754, ≥ 31 weeks GA, ≥ 1200gms
HFNC failure = 20.5%
nCPAP failure = 10.2%

Zivanovic 2019
n = 381, 28-36 weeks GA
Intub. rate = 12.8%
Similar to comparable trials

Figure 1. NICU Studies Overview: HVNI vs. HFNC
Vapotherm, Inc. • 100 Domain Dr • Exeter, NH 03833 • 603.658.0011 • www.vapotherm.com

MKT-0288 Rev A 08/19

17. Manley, Brett J., M.B., B.S., Louise S. Owen, M.D., Lex W. Doyle, M.D., Chad C. Andersen, M.B., B.S., David W. Cartwright, M.B., B.S., Margo A. Pritchard, Ph.D.,
Susan M. Donath, M.A., and Peter G. Davis, M.D. “High-Flow Nasal Cannulae in Very Preterm Infants after Extubation.” New England Journal of Medicine.
October 10, 2013. 1425-1433.
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A Gentler Alternative to nCPAP

Although HVNI has comparable outcomes to nCPAP, its interface is a loose-fitting nasal cannula
that doesn’t require a seal, and its primary mechanism of action is not through the generation of
distending airway pressure. As such, this modality has some attractive advantages:
•
		

nCPAP carries known risk factors associated with pressure modalities, such as gastric 		
distension—i.e. CPAP Belly—and pneumothorax18

•
		
		

HVNI doesn’t use continuous or inspiratory positive pressure as a primary mechanism of
action, but esophageal manometry does demonstrate low PEEP during exhalation (Milesi)
(See below, HVNI Mechanisms of Action).

•
		
		

Perhaps the most obvious advantage of HVNI is a risk-reduction of nasal trauma and skin
breakdown. Nasal cannula interfaces are associated with significantly reduced rates of nasal
injury by comparison to common nCPAP interfaces.19

20-100% of premature neonates sustain nasal injury from nCPAP.19 The prevalence of nasal injury
varies widely and is based on multiple factors, including the baby’s gestational age and birth weight.11
One randomized, controlled trial that examined the frequency of nasal trauma between nCPAP prong
vs. mask interfaces concluded:

Irrespective of the type of nasal device used, nasal trauma is common during
nCPAP treatment, which should therefore be terminated as soon as possible.

Premature baby on HVNI

20

Premature baby on CPAP

18. Bamat et. al. Duration of continuous positive airway pressure in premature infants. Semin Fetal Neonatal Med. 2016 Jun; 21(3): 189–195. Published online 2016
Mar 3. doi: 10.1016/j.siny.2016.02.005
19. Imbulana DI, Manley BJ, Dawson JA, Davis PG, Owen LS. Nasal injury in preterm infants receiving non-invasive respiratory support: a systematic review. Arch
Dis Child Fetal Neonatal Ed. 2018 Jan;103(1):F29-F35. doi: 10.1136/archdischild-2017-313418. Epub 2017 Sep 28.
20. Yong S, Chen S, Boo N Incidence of nasal trauma associated with nasal prong versus nasal mask during continuous positive airway pressure treatment in very
low birthweight infants: a randomised control study Archives of Disease in Childhood - Fetal and Neonatal Edition 2005;90:F480-F483.
21. Xie, Li-hua. Hydrocolloid dressing in preventing nasal trauma secondary to nasal continuous positive airway pressure in preterm infants. World J Emerg Med.
2014; 5(3): 218–222.doi: 10.5847/wjem.j.issn.1920-8642.2014.03.011
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A Gentler Alternative to nCPAP

While hydrocolloid dressing,21 interface rotation, and other practices have been shown to reduce
the incidence of injury secondary to nCPAP, HVNI presents a solution by avoiding sealed and mask
interfaces.

HVNI Mechanisms of Action
Traditional forms of non-invasive ventilation impact Alveolar Ventilation through the delivery of
inspiratory or continuous distending pressure to augment Tidal Volume. Unlike those, HVNI relies
on high-velocity washout of the extrathoracic respiratory dead space to off-load exhaled CO2. This
functionally decreases the dead space, as the primary mechanism of action to augment Alveolar
Ventilation.
Alveolar Ventilation = (Tidal Volume – Dead Space) x Respiratory Rate
While traditional non-invasive positive pressure modalities, like nCPAP, work by impacting the “Tidal
Volume” aspect of the above equation by opening up more air sacs, HVNI works by turning the
extrathoracic dead space into a reservoir of conditioned, low-CO2 gas, functionally reducing the Dead
Space needed to be overcome The patient breathes from the hypopharynx rather than through the
naso-oro-hypopharynx. As the Alveolar Ventilation equation shows, the impact on alveolar ventilation is
the same whether the Tidal volume is increased by 20%, or the dead space is reduced by 20%. Two
different mechanisms of action, each impacting a different component of the equation, and both resulting
in a positive impact on alveolar ventilation.
There are some additional, but not primary, mechanisms of action that contribute to the clinical
outcomes:22
•
•
		

Reduction of work of breathing (WOB) through provision of adequate flow
Reduction of energy cost for conditioning (heating and humidifying) gas, which reduces metabolic 		
expenditure, allowing the neonate to conserve energy

•

Improvement of lung mechanics through optimally humidified and warmed gas

•

A mild, distending PEEP that is safe for neonates

It is crucial to note that pressure is not the primary mechanism of action in HVNI. This modality is an open
system that requires that no more than 50% of the patients’ nares are occluded. This enables dead space
washout and CO2 egress.
A common misperception regarding HVNI therapy is questioning how much positive pressure is delivered
22. Dysart K, Miller T, Wolfson M, Shaffer T. Research in high flow therapy: Mechanisms of action. Respiratory Medicine. 2009; 103: 1400-05.
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THE IMPORTANCE OF EARLY AMBULATION

A Gentler Alternative to nCPAP

during inspiration. The answer is none. The patient is spontaneously breathing, and during inspiration, the
pressure is negative, not positive. A study by Milesi and colleagues demonstrates this concept nicely with
the graphical representation of intrathoracic pressure measured by a mid-esophageal pressure
transducer, an accepted surrogate for intrathoracic pressure.23 As Figure 2 below depicts, the intrathoracic
pressure during inspiration is negative, while during exhalation as stated above, the pressure does rise
slightly above zero, depicting a mild PEEP.
20 cm H20

0 cm H20

-20 cm H20

-40 cm H20
Figure 2. Esophageal Pressure at 7 L/min
in an Infant. Adapted from Milesi et al.

To reiterate, the loose-fitting interface in combination with the mechanisms of action does not
generate any positive pressure upon inspiration. The loose-fitting interface is also what facilitates
developmental care and greatly reduces the likelihood of skin erosion and nasal trauma in babies.

HVNI’s Role in Developmental Care

Developmental care is crucial for premature neonates and although nCPAP is the current gold
standard primary respiratory support, it presents some difficulties in this regard. When it comes to
developmental care, especially skin-to-skin care, and nursing, handling a baby on nCPAP creates a
risk of leaking at the interface that could compromise the efficacy of the therapy. Additionally, the
nCPAP interface hides a baby’s face from its family and, as established, could cause nasal trauma.
HVNI provides an alternative to nCPAP for primary respiratory support, and can play a significant
role in convalescent and developmental care as well. With its benign nasal cannula interface, and
non-pressure based mechanisms of action, some benefits of HVNI in this capacity include:

23. Milési C, Baleine J, Matecki S, Durand S, Combes C, Batista Novais AR, Cambonie G. Is Treatment With a High Flow Nasal Cannula Effective in Acute Viral
Bronchiolitis? A Physiologic Study. Intensive Care Med. 2013 Jun;39(6):1088-94. doi: 10.1007/s00134-013-2879-y. Epub 2013 Mar 14.
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• The primary respiratory support is gentle, so the babies’ metabolic energy can fuel their 		
		thriving
• Families can practice skin-to-skin and kangaroo care without worrying about leaking at the 		
		interface
•

Mothers can breastfeed with a low risk of therapy disruption

•

Families can see their baby’s face and bond without bulky interfaces being in the way

Safety of HVNI
To further underscore the safety of HVNI as a gentler alternative to nCPAP, here is a brief study
overview on the topic.
1. Safety and Long Term Outcomes with High Flow Nasal Cannula
Therapy in Neonatology: A Large Retrospective Cohort Study
(Conducted with HVNI)24
McQueen and colleagues published this multicenter, retrospective analysis in November 2014 (July
2015 in print) in the Journal of Pulmonary Respiratory Medicine.
Findings: The study looked at five centers using HVNI for primary support of premature infants and
compared their outcomes data to the Vermont Oxford Network (VON) database—the largest
database on neonatal outcomes. It was a retrospective analysis of over 1300 very low birth weight
(VLBW) infants (<1500 grams) from the five centers over a three-year period. 69% of all infants in the
average VON centers were treated with nCPAP while 73% of infants in the five HVNI centers received
HVNI treatment, typically at flows 4-8 LPM. There was no significant difference in patient
characteristics between the two types of centers. The results showed there was no trend for any
adverse event in the HVNI-treated infants, and the data showed a significant decrease in O2 use at 36
weeks corrected gestation and at discharge home in the HVNI centers compared to the VON
benchmark. Though a retrospective analysis, the large body of data suggest that HVNI is a safe and
efficacious tool for the routine respiratory management of premature infants.

24. McQueen, Michael et al. “Safety and Long Term Outcomes with High Flow Nasal Cannula Therapy in Neonatology: A Large Retrospective Cohort Study.”
Journal of pulmonary & respiratory medicine vol. 4,6 (2014): 216. doi:10.4172/2161-105X.1000216
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HVNI and Surfactant
For many NICU patients, NiPPV and nCPAP have become gentler alternatives to mechanical
ventilation through an endotracheal tube. For those same patients, HVNI has the potential now to be
a gentler alternative to NiPPV/nCPAP, both in terms of reduced barotrauma—through its unique
mechanism of action which impacts a different part of the alveolar ventilation equation, as
described—and by utilizing a less abrasive and cumbersome patient interface.
In order to realize the full potential of this gentler management of respiratory distress, a quick word
on the role of surfactant is required. As noted, HVNI provides mild distending PEEP, but not positive
inspiratory pressures or tidal volumes. As a result, for stiff, non-compliant surfactant-deficient lungs,
administering surfactant earlier in the course than one might otherwise with nCPAP should be
considered. The recently affirmed (2017) surfactant guidelines from the Canadian Paediatric Society
speak well to the issue of surfactant risk-benefit assessment.25
Surfactant-deficient infants, upon treatment with exogenous surfactant, often show a very rapid and
sustained improvement in gas exchange and pulmonary mechanics, due to significant alveolar
recruitment, increased FRC, and normalization of lung compliance (pressure-volume) loops. If the
Less Invasive Surfactant Administration (LISA) technique has been used to administer the surfactant,
with the HVNI cannula left in place throughout and following the procedure, which is the
recommendation for surfactant administration to infants on HVNI, the infant is protected posttreatment from both inadvertent overdistention (and the attendant risk of IVH26, air leaks, and
decreased cardiac output) and hyperventilation (with the attendant risk for decreased cerebral blood
flow).
It is acknowledged that surfactant administration is not a completely benign procedure, but neither is
leaving a surfactant-deficient infant untreated a benign clinical scenario. In the hands of an
experienced clinician the risks of surfactant administration are minimized. In any event, the shortterm surfactant administration risks of transient bradycardia and/or decreased SpO2 must be
balanced against the risks of prolonged O2 exposure and/or prolonged distending pressure and
barotrauma if the surfactant-deficient infant is left untreated. Recent anecdotal commentary from the
bedside indicating that when aerosolized, inhaled surfactant becomes available patients will be more
routinely and aggressively treated with surfactant, begs the question of whether the administration
method is the determining factor in optimizing care of the neonatal RDS patient, or the neonatal
patient with secondary surfactant deficiency from MAS or pneumonia.
25. Davis DJ, BarringtonKJ. Recommendations for neonatal surfactant therapy. Paediatr Child Health 2005;10(2):109-16. Updated: Jan 30, 2015 | Reaffirmed: Jan 30,
2017.
26. Pérez-Iranzo, A., Jarque, A., Toledo, J.D. et al. Less invasive surfactant administration reduces incidence of severe intraventricular haemorrage in preterms with
respiratory distress syndrome: a cohort study. J Perinatol (2020). https://doi.org/10.1038/s41372-020-0702-5
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As established, HVNI is a gentler alternative to nCPAP. In addition to being used for primary support
and post-extubation, Vapotherm also provides a mobile transfer soluton (Vapotherm Transfer Unit)
that can be used for delivery room stabilization and transfer27 of premature neonates.
Regarding the “how-to” it is useful to look at “Consensus Approach to Nasal High-Flow Therapy in
Neonates.”28 Yoder and colleagues published this prospective, modified Delphi approach study in
March 2017 in the Journal of Perinatology.
Seven international clinical researchers whose collective HVNI and HFNC experience was more than 70
years were asked to complete tables addressing multiple aspects of HFNC usage in neonates. The
term “HFNC” was used interchangeably for HFNC and HVNI, though it’s worth noting that 6 out of 7
of the researchers used HVNI either in part or exclusively.
While no consensus was reached in regard to discontinuation, agreement was reached in many other
areas of query, including that the preferred nare occlusion is no greater than 50% (7/7), maximum flow
rates are 8 L/min (7/7), and the need for adequate heating (34-37 degrees Celsius) and humidity
(100% relative humidity) (7/7). Although not unanimous, consensus was
also reached that the modality is used as the primary therapy for
neonatal RDS (5/7).

Starting Parameters*
Five out of the seven researchers in Yoder et al. agreed that starting flow
rates should be 4-6 L/min. Two said that they should be 7-8 L/min. This
is also what Vapotherm recommends for the therapy to achieve clinical
efficacy even in VLBW infants.11,24*

Interface Selection
As previously discussed, Vapotherm therapy is an open system and as
Yoder et al. indicates, the cannula interface should never occlude more
than 50% of the nares. To ensure the proper interface can be selected
for a wide variety of patient sizes, Vapotherm offers eight cannula sizes.
Five specifically designed for neonates and infants.

Consensus Approach:
• Nare occlusion no
greater than 50%
• Maximum flow rate
of 8 L/min
• Adequate heating
(34-37°C)
• Proper humidification
(100% relative humidity)

* Vapotherm does not practice medicine or provide medical services or advice. These guidelines are based on an assessment of peer-reviewed published
literature, physician interviews, and physiological modeling. Providers should refer to the full indications for use and operating instructions of any products
referenced before use.
27. Reynolds P, Leontiadi S, Lawson T, et al. Stabilisation of premature infants in the delivery room with nasal high flow Archives of Disease in Childhood – Fetal
and Neonatal Edition 2016;101:F284-F287.
28. Yoder BA, B Manley, C Collins, K Ives, A Kugelman, A Lavizzari, and M McQueen. “Consensus approach to nasal high-flow therapy in neonates.” Journal of
Perinatology (2017) 00, 1–5.
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SOLO cannula not available in ProSoft

Weaning*
Vapotherm HVNI parameters (L/min & FiO2) can be controlled independently of each other.
Adjustment of L/min will impact work of breathing while adjustment of FiO2 maintains patient SpO2.
Monitoring patients’ response to each change requires continuous assessment of breath sounds,
respiratory rate, and physical characteristics (e.g., nasal flaring, grunting and retractions).

* Vapotherm does not practice medicine or provide medical services or advice. These guidelines are based on an assessment of peer-reviewed published
literature, physician interviews, and physiological modeling. Providers should refer to the full indications for use and operating instructions of any products
referenced before use.
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Note: This product is not available in all markets.
Keeping a premature infants’ SpO2 in range is a time-consuming challenge, but it is
also crucial in avoiding clinical consequences of too high or too low SpO2, such as
retinopathy of prematurity (ROP), lung damage, necrotizing enterocolitis (NEC),
neurodevelopmental impairment, or even death.
To help address this need, Vapotherm has developed OAM. It is an automatic oxygen
controller for the Precision Flow® system.

More Time to Care
In November 2018, the Archives of Disease in Childhood: Fetal & Neonatal edition published the
results of a prospective, two-center, order-randomized cross-over study performed at two NICUs in
the UK, designed to evaluate the performance OAM technology.29
The target SpO2 range set in this study was 90-95% in preterm babies being supported by HVNI.
Babies were randomized to receive 24 hours of either Manual Control or Automatic Control using
OAM. After the first 24 hours, the babies were crossed over to the alternative therapy for another
24 hours. The primary outcome measure was percent of time spent within the target SpO2 range.
Secondary outcomes included the overall proportion and durations of SpO2 within specified
hyperoxic and hypoxic ranges, and characteristics of the times within and outside SpO2 target range.
Data were analyzed from 30 preterm infants with median (IQR) gestation at birth of 26 (24–27) weeks,
age during the study of 29 (18–53) days and study weight 1080 (959–1443) g.
When using OAM clinician performance in maintaining SpO2 within the target SpO2 range was
significantly higher than during manual control alone, as shown in Figure 2.

Figure 2. Maintaining Target SpO2 with OAM
29. Reynolds PR et al. Archives of Disease in Childhood - Fetal and Neonatal Edition Published Online First 21 November 2018. doi: 10.1136/archdischild-2018-315342
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Vapotherm Oxygen Assist Module
(OAM)

The median target SpO2 range was achieved 80% of the time on automated (OAM) control (IQR
70%–87%) compared with 49% under manual control (IQR 40%–57%; p<0.0001). In addition to the
greater proportion of time in range, there were also fewer episodes of transient hypoxemia (defined
as SpO2 below 80% lasting at least 60 seconds) under automated control (median 0 (IQR 0–1.25))
compared with manual control (5 (IQR 2.75–14)). There were no differences in the number of episodes
per hour of SpO2 above 98% (4.5 (IQR 1.8–8.5) vs 5.5 (IQR 1.9–14); p=0.572) between the study arms,
but the average episode duration and the total percentage of time spent above the SpO2 target range
was significantly lower under OAM automated control as compared to Manual control.
Additionally, with OAM, babies spent more time on room air while staying in range, as shown in Figure
3.

Figure 3. Time spent on room air while staying in SpO2 range

The role this technology could play in the modern NICU is self-evident:
•
		

Helps easily and accurately maintain SpO2 during stress, 			
movement and feeding.

•
		
		
		

OAM may result in fewer manual adjustments of equipment, 		
which could release time for other important clinical needs. It 		
may allow nurses to spend more time with babies and parents 		
and less time changing settings.

• OAM may reduce time in SpO2 alarms and noise due to SpO2 		
		 alarms, thereby contributing to a baby’s developmental care 		
		needs.30

The median target SpO2
range was achieved 80%
of the time with OAM,
compared to manual
control which achieved
the median target SpO2
range 49% of the time.

30. Altimier, Leslie and Raylene Phillips. The Neonatal Integrative Developmental Care Model: Advanced Clinical
Applications of the Seven Core. Newborn and Infant Nursing Reviews. Volume 16, Issue 4, December 2016, Pages
230-244. https://doi.org/10.1053/j.nainr.2016.09.030
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Summary

Facing the Future
We began this eBook with a review of the birth of neonatology as a practice and its beginnings as a
carnival side show. Parents flocked to Martin Couney’s incubators as a last resort to save their
babies when medical professionals had little help to offer. We undoubtedly have a long way yet to
go, but it is appropriate to acknowledge how far we have come.
Saving a 34.5 week old baby with RDS—like President Kennedy’s son—has now become routine.
Technologies like OAM and HVNI were not on the horizon in the 1960s, while today Vapotherm
products have made a difference to millions of babies and their families by helping their caregivers
to gently support them.

This kind of care is not care for a baby. It’s care for a whole family and it makes
such a difference to people’s lives you know—to be able to see and feel their
baby. —Nadia Merhi, mother of premature twins supported on HVNI

Our expert field team is always available to demonstrate Vapotherm therapy, provide education,
technical support, or answer questions. Vapotherm provides 24/7 technical support 365 days per
year. Contact 855-557-8276 or reach us through the website www.vapotherm.com
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