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Market Analysis: The Impact of Cylinder-free 
Systems on Inhaled Nitric Oxide Delivery
RT magazine spoke with manufacturers of inhaled nitric oxide delivery systems about the latest market 
innovations in the iNO industry.

Inhaled nitric oxide has been utilized as a pulmonary vasodilator for over 20 years, but recent innovations 
in how the gas is delivered along with potential indications for additional cardiopulmonary conditions have 
the therapy poised for expansion.

RT magazine spoke with manufacturers of inhaled nitric oxide delivery systems about the latest market 
innovations in the iNO industry, specifically about the impact of cylinder-free ("tankless") systems, plus 
research on its potential use to treat other cardiopulmonary diseases such as COPD and pneumonia. Par-
ticipating in the conversation were: 

• Steve Lisi, CEO and chairman of the Board for Beyond Air;
• Aaron Roebuck MS RRT, director of Clinical Education for Vero Biotech.

RT: USE OF INHALED NITRIC OXIDE THERAPY HAS BEEN IN PRACTICE IN 
CARDIORESPIRATORY CARE FOR OVER 20 YEARS. WHAT IS INO CURRENTLY 
INDICATED FOR AND HOW DOES THE THERAPY WORK? 

STEVE LISI: In the United States, iNO is indicated to improve oxygenation and reduce the need 
for extracorporeal membrane oxygenation in term and near-term (>34 weeks gestation) neonates with 
hypoxic respiratory failure associated with clinical or echocardiographic evidence of pulmonary hy-
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pertension in conjunction with ventilatory support and other ap-
propriate agents. This patient population is treated in the NICU 
and the iNO is administered by respiratory therapists. 

In other areas of the world, including Europe, iNO is indi-
cated for the same use as in the US, as well as for patients of all 
ages who are undergoing or have undergone heart surgery and 
develop pulmonary hypertension. In these patients, iNO is used 
to help improve heart function by reducing pulmonary vascular 
resistance. We are working on this in the US, with the FDA, to 
add to the product label. 

AARON ROEBUCK: Inhaled nitric oxide (iNO) is a vasodi-
lator indicated to improve oxygenation and reduce the need for 
ECMO in term and near-term (>34 weeks gestation) neonates 
with hypoxic respiratory failure associated with clinical or echo-
cardiographic evidence of pulmonary hypertension.

When inhaled, nitric oxide (NO) selectively dilates the pulmo-
nary vasculature, and because of efficient scavenging by hemoglo-
bin, has minimal effect on the systemic vasculature.

This inhaled pulmonary vasodilator is administered by respira-
tory therapists throughout the hospital, and can be delivered dur-
ing patient transport as well.1

RT: ALTHOUGH FDA APPROVAL FOR THE THERAPY 
IS LIMITED TO PPHN, IT IS BEING RESEARCHED AS 
A TREATMENT FOR ADDITIONAL DISEASE STATES, 
INCLUDING VIRAL AND BACTERIAL INFECTIONS, 
AND EVEN COPD. WHAT CAN YOU TELL US ABOUT 
RESEARCH INTO THESE DISEASES/DISORDERS AND 
WHAT THE DATA ARE REVEALING?

LISI: At Beyond Air, we have a robust, active pipeline focused 
on harnessing nitric oxide's pulmonary, antimicrobial, anti-in-
flammatory, and immunomodulatory mechanisms of action.

Our clinical studies outside the US evaluate the use of high con-
centration iNO (80-250 PPM) generated from room air to treat 
lung infections. We recently presented favorable safety, tolerabil-
ity, and efficacy results from our at-home pilot study in patients 
with refractory nontuberculous mycobacteria (NTM) lung infec-
tions treated with high concentration iNO using our portable 
LungFit GO System. 

We also released positive long-term safety data for high con-
centration iNO using our LungFit PRO System in hospitalized 
infants with acute bronchiolitis, and the Annals of the American 
Thoracic Society published a review of our third bronchiolitis pilot 
study. We're planning to initiate a pilot study to evaluate the use 
of high concentration iNO to treat severe COPD exacerbations 
due to lung infections in hospitalized patients, pending FDA re-
view.

Our studies have also demonstrated the safety of iNO at high 
concentrations in more than 12 clinical settings with over 170 pa-
tients treated and more than 5,000 treatments administered with 

only one serious adverse event possibly attributable to iNO.
ROEBUCK: Until recently, innovation in the NO delivery 

space has been little to none. With new technology now available, 
the focus on research into iNO therapy for various disease states 
and different areas of care is greater than ever. Vero Biotech is 
committed to saving lives, alleviating suffering, and contributing 
to the economics of healthcare. The GENOSYL Delivery System 
(DS) was designed for RTs by RTs, and we are keenly focused on 
research into usage of iNO for the treatment of many different 
disease states both in and out of the hospital.

RT: SPECIFICALLY, THERE IS NEW RESEARCH THAT 
THE THERAPY MAY TREAT PATIENTS WITH COVID-19-
RELATED PNEUMONIA. WHAT DOES THE DATA REVEAL, 
REGARDING COVID-19?

LISI: We conducted a pilot study with the LungFit PRO System 
at 150 PPM of iNO to treat viral community-acquired pneumo-
nia (VCAP), including COVID-19, and the safety and efficacy 
data is promising.

The data were presented at IDWeek 2022 from our multi-cen-
ter study which included 35 patients randomized 1:1 where iNO 
plus standard of care was compared to standard of care alone. iNO 
treatment was safe and well tolerated with no treatment related 
adverse events. 

We measured the time required for supplemental oxygen in the 
hospital setting, as well as the total time on prolonged supple-
mental oxygen in the hospital and home setting (patients were 
followed for 180 days). 

For both endpoints, iNO treatment resulted in a significant re-
duction in the times (with statistical significance at p<0.05 using a 
Cox proportional hazard model). 150 PPM iNO was administered 
4 times/day for 40 minutes for up to 7 days with the LungFit PRO 
System.

We remain dedicated to bringing this important therapy to 
market as soon as possible and are in discussions with the FDA on 
a US trial design for VCAP, including COVID-19.

ROEBUCK: In 2020, GENOSYL was granted expanded access 
by the FDA for the treatment of patients with cardiopulmonary 
impairment and hypoxemia associated with COVID-19. Due to 
its ability to promote vasodilation and improve oxygenation, iNO 
has been and continues to be investigated in several studies as a 
potential therapy for patients with COVID-19. As a result, re-
searchers are still in the process of collecting data, and we still 
have many questions about the efficacy of routine use and whether 
it has a meaningful impact on mortality.

A few public health organizations have released recommenda-
tions. The 2019 SCCM Surviving Sepsis Campaign Guidelines 
suggests a trial of an inhaled pulmonary vasodilator as a rescue 
strategy for mechanically ventilated adults with COVID-19, se-
vere ARDS, and hypoxemia despite optimizing ventilation and 
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other rescue strategies.2

The 2020 AARC Guidance Document states that in the absence 
of a response to PEEP, lung recruitment, or prone position (or 
a patient unable to be proned), an inhaled vasodilator might be 
considered for refractory hypoxemia.3

RT: HOW IS iNO THERAPY TRADITIONALLY 
DELIVERED? WHAT ARE SOME OF THE ADVANTAGES 
AND CHALLENGES WITH THIS DELIVERY METHOD? 

LISI: Since 1999, iNO has been delivered with 800 PPM cylin-
ders as a nitric oxide gas source. The cylinders typically weigh 45 
lbs each and are pressurized to 2200 psi. 

The traditional delivery systems worked well, in fact, the inven-
tors of the LungFit technology developed the first iNO delivery 
system. There is also user familiarity and comfort with these iNO 
delivery systems. While elements of the delivery technology have 
advanced and evolved to support patient safety and improved user 
experience, the bulky 45-lb cylinders have been a mainstay. 

Logistics related to the management of cylinders pose the big-
gest challenges. The cylinders are heavy, cumbersome, require a 
large storage space, and used cylinders must be returned to the 
manufacturer. 

Additionally, cylinder-based iNO delivery requires physically 
monitoring cylinder emptying without the benefit of integrated 
reminder alarms. They also require meters as well as leak-testing, 
manual purging, and there is the potential for NO2 exposure as-
sociated with these tasks, which can be toxic. Lastly, there is the 
potential for iNO leaks and wasted iNO before patient use.

ROEBUCK: Inhaled NO has traditionally been delivered 
through systems reliant on large tanks of gas weighing about 45 
lbs each. Storage and handling of these tanks can be a burden and 
are a workflow, safety, and logistical challenge within the hospital. 

Space is always in short supply in today's healthcare facilities. 
Tank storage is generally relegated to the hospital loading dock, 
which takes up valuable hospital "real estate" and is inconvenient 
for quick access. 

Data from a study of iNO use at a 300-plus bed children's hos-
pital suggest that hospitals incur substantial expense maintaining 
and managing a tank-based NO delivery system, especially for the 
"line items" of procurement, storage, data management, and labor 
costs for training and for response to frequent alarms (such as 
NO2 and wet sample line alerts). 

From these data, it is estimated that the incremental cost of a 
tank-based system in a hospital where 250 patients receive 30,000 
hours of iNO treatment per year is approximately $148,000.4

RT: A RECENT INNOVATION IN NITRIC OXIDE THERAPY 
IS CYLINDER-FREE DELIVERY SYSTEMS. WHAT 
BENEFITS DO CYLINDER-FREE SYSTEMS PROVIDE 
OVER TRADITIONAL CYLINDER-BASED DELIVERY? 

LISI: With The LungFit PH, we're eliminating iNO cylinders 
at the bedside and quite literally taking the weight off the backs 
of respiratory therapists. Our technology empowers clinicians to 
generate unlimited, on-demand iNO from room air, verses bur-
densome cylinders and other approaches. Our system does this 
on-demand, with no reservoir of iNO in the system.

Additionally, the carrier gas is room air. The delivery system 
automatically purges the delivery line with room air, alleviating 
the potential for unintended NO2 bolus delivery to the patient. 

The LungFit PH System's 2.5 oz NO2 Smart Filter, a patient 
safety feature which removes NO2 from the internal circuit, takes 
only a few seconds to replace. It can be stored at the point of 
care and lasts 12 hours regardless of dose or flow. We're creat-
ing predictability for clinicians where it didn't exist before. Being 
cylinder-free also means no more worries about meters or wasted 
iNO before patient use. 

The LungFit PH System is the first and only 3-in-1 integrated 
system for iNO generation, delivery, and monitoring. Our system 
is fast, precise, and simple—generate and deliver iNO therapy 
within one minute. Generate what you need, when you need it.

ROEBUCK: Tankless iNO delivery systems help improve clini-
cian workflow without the need to store, transport, and exchange 
large bulky gas tanks. 

With tank-based systems, a purge process is necessary to re-
move nitrogen dioxide (NO2) gas from the delivery path to ensure 
it doesn't go to the patient. Tankless systems create iNO on de-
mand, so there is no need to purge, which results in less exposure 
of NO2 to the environment. 

The GENOSYL DS uses tankless cassette-based technology and 
precisely delivers NO for inhalation via the Smart Feedback Sys-
tem, a closed loop feedback. 

This Smart Feedback System provides accurate dosing based on 
the sampled NO value measured close to the patient, regardless 
of changes in flow that may occur after injection, enabling use of 
iNO in setups that were not previously possible.

Two posters were presented at the Society for Technology in 
Anesthesia this month highlighting the GENOSYL DS cassette-
based system as the first iNO delivery system to accurately deliver 
the set iNO dose with a semi-closed anesthesia circuit, using our 
Smart Feedback System. Anesthesia providers can simply set the 
iNO dose without adjusting fresh gas glow (FGF) or anesthet-
ic agent. This has the potential to reduce provider distractions, 
maintain focus on the patient, and facilitate the transition of care 
between the ICU and OR for ventilated patients. 

The GENOSYL DS is the first iNO delivery system capable 
of accurately delivering iNO with an anesthesia machine under 
rebreathing conditions, enabling low FGF anesthesia with all its 
benefits.

In December 2022 Vero received FDA approval of the third 
generation GENOSYL DS with the following device enhance-
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ments:
• An Adaptive Sensor for secondary feedback control, im-

proving time to achieve desired dose.
• A dual cassette bay in one console, allowing for single con-

sole engagement. 
• Automated cassette activation enabling immediate initia-

tion of dose.
• Console improvements that control cassette transition au-

tomatically and streamline clinician workflow.
• Smaller disposable cassettes that improve storage capacity 

in patient-centered areas.
• An improved user interface with easier-to-read screens and 

more efficient functionality.

RT: WILL (MORE) PORTABLE, CYLINDER-FREE 
SYSTEMS ALLOW iNO TO BE ADMINISTERED IN 
ADDITIONAL CLINICAL SETTINGS, SUCH AS THE 
HOME? 

LISI: Absolutely, as noted above in our pilot study with NTM 
patients, the LungFit GO System was used successfully at home to 
generate iNO from room air, delivering 250 PPM intermittently 
over a 12-week period.

At the core of our LungFit family of products is the Ionizer 
technology which uses the power equivalent to a 60-watt light 
bulb to ionize the nitrogen and oxygen molecules to create iNO. 
The Ionizer platform allows for the generation of on-demand iNO 
in concentrations ranging from 0.1 to 400 PPM. 

The LungFit PH System generates between 0.1 to 80 PPM iNO 
(low concentration iNO), and the LungFit PRO and GO Systems 
both generate high concentration iNO for intermittent antimi-
crobial treatments. The LungFit PRO is designed for hospital use 
with supplemental oxygen, while the LungFit GO is for use at 
home. 

Our cylinder-free generator systems also open opportunities for 
global access to iNO. Many areas of the world don't have the 
infrastructure to support the logistics associated with 45-pound 
cylinders of iNO and as a result, don't have access to this impor-
tant therapy. 

We're dedicated to empowering healthcare professionals across 
the globe with access to on-demand iNO from room air.

ROEBUCK: One of the many goals of having a more por-
table, tankless system is to allow for ease of use in all areas of 
care. GENOSYL DS is already being used in inter-hospital and 
intrahospital transport. Due to its smaller footprint, we envision a 
future where it may eventually be used even further away from the 
hospital, including in the home setting. 

In 2019, a case study demonstrated the successful use of 
GENOSYL DS by a COVID-19 positive patient who received 
outpatient iNO therapy while self-quarantined in her home.5 This 
study demonstrated the prospective, game changing potential of 

GENOSYL DS.

RT: WHAT DO THESE INNOVATIONS AND POTENTIAL 
APPLICATIONS OF iNO MEAN FOR RESPIRATORY 
THERAPISTS AND CRITICAL CARE SPECIALISTS? 
WHAT WILL IT MEAN FOR CARDIORESPIRATORY CARE 
DEPARTMENTS? 

LISI: Between the pandemic, hospitalizations for bronchiolitis 
and the flu, and a national RT staffing shortage, the demands 
on respiratory care professionals continue to increase. Our goal is 
to alleviate some of these demands by providing innovative iNO 
technology that's easy to access and simple to use. 

We're dedicated to empowering respiratory therapists, critical 
care specialists, and cardiopulmonary care departments with ad-
ditional opportunities to harness the power of nitric oxide for a 
range of cardiopulmonary conditions. From hospital to home, we 
see so much potential for the use of our LungFit technology.

ROEBUCK: The GENOSYL Delivery System opens the door 
for iNO therapy wherever and whenever it is needed. Already, Re-
spiratory Therapists no longer need to worry about the limitations 
of other systems, including their inability to accurately deliver in 
rebreathing/recirculating environments. We believe that Vero Bio-
tech has revolutionized NO delivery, and this is just the beginning 
of what is possible. RT

 
Additional media for this article are available at RT's website: 

www.RTmagazine.com. For more information, contact editor@RT-
magazine.com.
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