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Abstract

Background: Inhaled nitric oxide (iNO) is a well-established off-label treatment of acute hypoxic respiratory 
failure and pulmonary hypertension, but high drug cost and lack of consistent proof of clinical benefit have led 
to restrictive expert recommendations regarding its use.  
Objectives: To evaluate the current practice of the use of  iNO in different hospital settings at an international 
society level.
Design & Setting: Web-based survey distributed via email to ESAIC and EACTAIC members.
Methods: Survey responses are depicted as absolute frequencies and percentages that were analysed using 
Microsoft Excel.
Results: One third of the respondents had institutional guidelines for the use of iNO. Pulmonary arterial 
hypertension, right ventricular failure, persistent pulmonary hypertension of the newborn and adult respiratory 
distress syndrome were the main indications for treatment with iNO. Prophylactic use of iNO during heart and 
lung transplantation or VAD implantation surgery was reported by 12-34%. The most frequently reported doses 
were 10-20 ppm and 20-40 ppm as initial and maximum treatment doses, respectively. Echocardiography was 
the most universally used form of advanced hemodynamic monitoring during treatment with iNO, followed by 
pulmonary artery catheterization. Half of the respondents had a fixed strategy to prevent rebound pulmonary 
hypertension during weaning from iNO, using phosphodiesterase inhibitors, prostacyclins or calcium channel 
antagonists. 
Conclusion: In line with the available evidence and expert recommendations, iNO remains a rescue treatment 
reserved for the most severe cases in highly specialized centres. The observations made in this survey should 
inspire future research to help better define the role of iNO, also in the setting of an ARDS-pandemic and the 
emergence of alternative selective pulmonary vasodilators.

Keywords : Nitric oxide, pulmonary hypertension, right ventricular failure, acute respiratory distress syndrome, 
cardiac surgical procedures, lung transplantation.

Introduction

Inhaled nitric oxide (iNO) is a well-established off-
label treatment of acute hypoxic respiratory failure 
and pulmonary hypertension. Due to its short half-
life and profound vasorelaxant properties, iNO 
has a unique pharmacological profile inducing 
selective vasodilation in ventilated lung regions 

without affecting the systemic circulation1. By this, 
right ventricular afterload is decreased and blood 
is preferentially diverted to ventilated lung areas, 
improving both right ventricular performance and 
oxygenation2. Unlike systemically administered 
vasodilators, iNO does not cause arterial 
hypotension and intrapulmonary right-left shunting 
is avoided. Multiple randomized controlled trials, 
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however, have failed to confirm clinical benefit 
in terms of survival or morbidity in critically ill 
patients treated with iNO3. The lack of hard clinical 
evidence combined with the high drug costs have 
led to rather restrictive expert recommendations 
for the general use of iNO in clinical practice4.
Nevertheless, cardiac surgical recommendations 
by the expert panel were more positive and iNO 
remains an important treatment option for patients 
suffering from different, frequently life-threatening, 
pathologies or adverse events in the perioperative 
period5. The purpose of this online survey was to 
describe current international practice concerning 
the use of iNO in different clinical settings. 

Methods

Survey development and distribution

Initiated by the board of the European Society of 
Anaesthesiology and Intensive Care (ESAIC), 
an advisory group consisting of members of the 
Society was appointed and tasked with developing 
a  questionnaire and conducting the survey on 
behalf of ESAIC. The survey was also endorsed 
by the European Association of Cardiothoracic 
Anaesthesiology and Intensive Care (EACTAIC). 
An e-mail invitation including a brief description 
of the aim of the survey and containing a hyperlink 
to the online questionnaire was sent to 37.976 
ESAIC and EACTAIC members on June 18, 2020. 
Additional promotion via social media, ESAIC and 
EACTAIC newsletters was done subsequently. The 
survey was closed on July 17, 2020. 

Questionnaire

The questionnaire (see appendix) comprised of 29 
questions in total and took approximately 15 minutes 
to answer. The first 13 questions explored the 
participants’ background, including their country of 
origin, the type of hospital they were affiliated with, 
and complexity and numbers of surgeries performed 
in their respective institutions. The following 14 
questions focused on the availability, indications 
and practical considerations regarding the use of 
iNO. Finally, reimbursement regulations and the 
availability of alternatives to iNO were addressed. 

Respondents were asked to give a ranking of 
criteria to start iNO therapy (most important to 
least important indication) in 2 questions. To get 
an overall impression of most to least important 
indications, we transformed responses into a 
weighted sum score by assigning highest weight 
to the highest rank (e.g. 8 points for a number 1 
ranking, 7 points for a number 2 ranking, etc.) and 
adding up the weighted scores for each criterium. 
Because of the descriptive nature of this study, 
no formal statistical analysis was carried out. 
Results are depicted as absolute frequencies and 
percentages that were analysed using Microsoft 
Excel.

Results

524 respondents from 52 countries started to 
respond to the questionnaire, resulting in 200 
responses for which at least the first part of 
the questionnaire (background questions) was 
completed. Respondents who did not have inhaled 
nitric oxide available in their hospital were 
excluded (n=135). Results from 65 respondents 
from 27 countries (24 complete and 41 partial 
answers) were ultimately included for analysis 
in this paper. The number of responses per 
participating country is shown in electronic 
supplementary Table I.

Participants’ background

Sixty-five percent (42 of 65) of the respondents 
were affiliated with university hospitals and 
represented the largest group of participants. The 
median number of beds per hospital the respondent 
was affiliated with was 800 [interquartile range 
(IQR) 400 to 1200], with a median of 56 [IQR 35 
to 83] ICU beds per institution. Most respondents 
were board certified in anesthesiology (99%) 
and/or intensive care medicine (59%). This was 
also reflected by their indicated primary clinical 
activities, being mostly general anesthesiology 
(59%), cardiac anesthesiology (51%), surgical 
intensive care medicine (28%) and medical 
intensive care medicine (17%). The types and 
numbers of complex surgeries with an established 

Table I. — Type and number of specific high-risk surgeries performed at the institution of the 
respondent.

Type of surgery Number of respondents Annual number of surgeries 
Cardiac surgery 53/65 (82) 500 (4-4000)
Congenital cardiac surgery 29/65 (45) 150 (5-2300)
Heart transplantation 25/64 (39) 20 (1-150)
Lung transplantation 18/65 (28) 25 (2-200)
VAD implantation 39/65 (60) 15 (0-58)
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indication for pulmonary vasodilators performed at 
the respondents’ institutions are depicted in Table 
I. The median estimated number of patients treated 
for severe acute hypoxic respiratory failure in the 
participants’ institutions in the last year was 60 [IQR 
20 to 200].   

One third (65 of 200) of the responding 
practitioners had iNO available in their institution, 
with a median of 4 [IQR 2 to 5] iNO delivery 
devices available per institution. A median estimated 
number of 25 [IQR 10 to 76] patients was treated per 
institution in the last year. In most hospitals (84%, 
55 of 65), a dedicated delivery device was used for 
delivery and monitoring of inhaled nitric oxide. 34% 
(22 of 65) of institutions had institutional guidelines 
for the use of iNO, and these guidelines had been 
published or reviewed in the last two years in most 
cases (electronic supplementary materials, Fig. 1).

Indications for use of iNO

Indications for which iNO was used varied per 
hospital. Pulmonary arterial hypertension was 
the most important indication, followed by right 
ventricular failure and persistent pulmonary 
hypertension of the newborn. Use of iNO for 
vasoreagibility testing and prophylactic use of iNO 
in transplant surgery were less commonly indicated 
as reasons to use iNO (Fig. 1). 

Table II. — Most important criteria to start iNO in ARDS.

iNO for treatment of severe hypoxic respiratory 
failure

While 36 out of 65 (55%) had iNO available for 
treatment of adult respiratory distress syndrome 
(ARDS) in their hospital, only 24 of them indicated 
to routinely use iNO in this context. When asked 
to rank several different conditions to start iNO 
treatment in the setting of ARDS, PaO2/FiO2 < 100 
mmHg was deemed the most important criterium. 
A ranking of the preferred reasons to start iNO 
therapy in ARDS is represented in Table II. 

Echocardiography was the most universally used 
form of advanced hemodynamic monitoring (83%,  
20 of 24) in iNO treatment for ARDS, followed 
by measurement of pulmonary artery pressures, 
central venous pressures and ScvO2 (63% each, 
15 of 24). 58% of respondents (14 of 24) used 
pulmonary artery catheter-based measurements of 
cardiac output and SvO2 to guide iNO treatment. 
Two respondents indicated to use PICCO-based 
cardiac output measurements during iNO-therapy 
in addition to pulmonary artery catheter-based 
cardiac output measurements.

An initial iNO dose of either 10 ppm or 20 ppm 
was used most frequently in the treatment of severe 
hypoxic respiratory failure. 20 ppm iNO was also 
the maximum dose used for this indication by 

Fig. 1 —  Indications for which iNO is used per institution.
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Criteria Number of respondents 
indicating this as most 

important criterium

Total sum score

PaO2/FiO2 < 100 mmHg 10 123
As rescue therapy before ECMO 3 109
Right ventricular dysfunction 3 99
No improvement despite prone position 2 94
PEEP > 15 cmH2O 0 72
PaO2/FiO2 < 200 mmHg 3 50
iNO is only used if all other measures have failed 1 41
PaO2/FiO2 < 300 mmHg 0 10
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41 of 52), central venous pressures (69%, 36 of 
52)  or cardiac output (derived from a pulmonary 
artery catheter; 69%, 36 of 52). About a third of 
respondents used alternatives to direct cardiac 
output measurements, including PiCCO.

Ten ppm and 20 ppm were most frequently 
reported as initial iNO dose for the treatment 
of right ventricular dysfunction. 40 ppm was 
indicated as maximum iNO dose by half of the 
respondents. A small minority of respondents 
indicated using up to 80 ppm of iNO when treating 
right ventricular dysfunction (Fig. 2).

Practical aspects regarding iNO therapy

A quarter of the participants (15 of 61) used iNO 
not only in intubated, but also in spontaneously 
breathing non-intubated patients. The majority 
of respondents routinely monitored fraction of 
inspired oxygen and fraction of inspired NO. 
Fraction of inspired NO2 and methemoglobinemia 
were routinely monitored by just over half of the 
respondents (electronic supplementary materials, 
Fig. 2).

Half of the respondents reported that iNO 
therapy is reimbursed in their country.

the majority of respondents, while a quarter of 
respondents indicated to use higher iNO doses up 
to 40 ppm. The highest reported maximum dose 
for treatment of severe hypoxic respiratory failure 
was 80 ppm (Fig. 2). 

iNO for treatment of right ventricular dysfunction

44% (27 of 61) of respondents indicated 
to routinely use iNO in patients with right 
ventricular dysfunction, in addition to 41% 
(25 of 61) of respondents who used it only in 
exceptional cases of right ventricular dysfunction. 
Echocardiographic signs of right ventricular 
dysfunction, with or without deteriorating 
hemodynamics, were regarded as the most 
important criterium to start treatment with iNO in 
this setting. The ranking of other criteria to start 
iNO therapy in patients with right ventricular 
dysfunction is listed in Table III.

As was the case for monitoring in ARDS, 
echocardiography was the most universally used 
form of advanced hemodynamic monitoring in the 
treatment of right ventricular dysfunction with 
iNO (94%,  49 of 52). The majority of participants 
also monitored pulmonary artery pressures (79%, 

Fig. 2 —  Initial (a,c) and maximum (b,d) iNO dose in ARDS and in right ventricular dysfunction.
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Weaning from iNO therapy

More than half of respondents (52%, 29 of 59) used 
iNO for a maximum of 72 hours, and an additional 
17% (10 of 59) of respondents continued iNO 
therapy for up to one week. A minority (3 out of 59) 
of respondents continued iNO therapy until their 
patients were improving (electronic supplementary 
materials, Fig. 3). Half of the participants had a fixed 
strategy to prevent rebound pulmonary hypertension 
during weaning from iNO. The most popular agents 
for prevention of rebound pulmonary hypertension 
were phosphodiesterase type V inhibitors (35%, 
10 of 29) and phosphodiesterase type III inhibitors 
(28%, 8 of 29), followed by prostacyclins (17%, 5 
of 29) and calcium channel antagonists (10%, 3 of 
29 respondents).

Alternatives for iNO

86% of respondents (53 of 62) routinely used 
alternative selective pulmonary vasodilators. 
Systemic phosphodiesterase type V inhibitors 
(64%, 34 of 53), inhaled prostacyclins (43%, 23 
of 53) and systemic endothelin antagonists (36%, 
19 of 53) were the most popular agents. Inhaled 
phosphodiesterase type III inhibitors were used 
by 26% (14 of 53) and systemic soluble guanylate 
cyclase stimulators and activators were used by 9% 
(5 of 53) of respondents.

Discussion

While inhalation of NO is a well-established 
strategy in managing life-threatening hypoxia and/
or right ventricular dysfunction, the current clinical 
practice of iNO including indications, strategies and 
alternatives remains largely unknown. To the best 
of the authors’ knowledge, only one international 
survey aiming to describe the clinical use of iNO 
in specific clinical settings has been published yet, 
however, it was performed more than 20 years ago 
and was restricted to Europe6. The present study is, 

therefore, the first international survey exploring 
the current and global clinical reality of iNO 
treatment for a variety of indications, giving insight 
in the availability, perceived indications, practical 
considerations and use of alternatives strategies to 
lower pulmonary vascular resistance. 
Only a third of the respondents that fully completed 
the first round of background questions had iNO 
available in their institutions and were subsequently 
included for further analysis, reflecting that iNO 
remains an exceptional treatment modality even 
in a sample consisting mainly of practitioners 
affiliated with larger and university hospitals. 
This seems consistent with the European expert 
recommendations on iNO published in 2005, 
underlining that iNO is a reasonable rescue 
treatment for certain indications in adult patients, 
but should not be used as a routine treatment 
modality pending more robust clinical evidence of 
any outcome benefit4. This evidence is, however, 
still lacking. 

Pulmonary arterial hypertension and right 
ventricular failure represented the most frequent 
indications for iNO use in modern clinical practice. 
Although evidence for mortality benefits of iNO 
from randomized clinical trials is lacking even 
for these conditions, the use of iNO undoubtedly 
facilitates the (perioperative) hemodynamic 
management of patients suffering from these 
conditions3,7. This may contribute to the popularity 
of iNO for these indications.

Treatment of persistent pulmonary hypertension 
of the newborn, which in many countries remains 
the only approved indication for iNO, was only 
the third most reported indication after pulmonary 
arterial hypertension and right ventricular 
dysfunction. However, this finding is most 
probably due to the extreme underrepresentation 
of paediatric and neonatal specialists in our 
study sample (only 1 respondent). Also, although 
amongst the generally accepted indications, use of 

Table III. — Most important criteria to start iNO in right ventricular dysfunction.

Criteria Number of respondents 
indicating this as most 

important criterium

Total sum score

Echocardiographic signs of right ventricular dysfunction 21 224
Echocardiographic signs of right ventricular dysfunction, only if 
hemodynamics are deteriorating

10 183

Only used if all other therapeutic measures have failed 9 144
Decrease in cardiac output 3 125
Decrease in SvO2 1 99
Prophylactically in patients with echocardiographic signs of right 
ventricular dysfunction, even if hemodynamics are still adequate

3 99

Venous congestion 0 69
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While the European expert recommendations 
propose the continuous monitoring of the 
inspired concentrations of NO, NO2 and O2, these 
recommendations do not include suggestions on 
hemodynamic monitoring during iNO treatment4.
Methemoglobinemia was only routinely 
monitored by half of the respondents, despite the 
European expert recommendations suggesting 
to monitor methemoglobinemia at least daily. 
This is of particular concern when administering 
concentrations exceeding 20 ppm23.

Several clinical trials have tested different 
concentrations of iNO for treatment of acute 
pulmonary hypertension and hypoxemia, 
establishing dose-dependent and immediate 
selective pulmonary vasodilatation in most patients. 
iNO-doses exceeding 10 ppm have not been 
shown to result in significantly larger decreases in 
pulmonary vascular resistance in ARDS or cardiac 
surgical patients6,22,23. Despite this, most respondents 
in our sample favoured a starting dose of 10 to 20 
ppm and would not escalate the doses beyond 20 
to 40 ppm. These doses are clearly higher than the 
recommended 10 ppm or less which are advised for 
long-term iNO treatment, but this might reflect the 
way iNO is used as a rescue therapy for patients 
in critical conditions. Similarly, only 66% of the 
respondents would stop iNO treatment after 72 
hours, despite the lack of evidence that longer 
treatment durations offer any outcome benefit26.

Phosphodiesterase inhibitors type V were 
the most frequently used alternative pulmonary 
vasodilators. In the setting of right ventricular 
dysfunction, the use of systemic vasodilators can 
result in a vicious circle of hypotension, leftward 
septal shift, right ventricular ischemia and shock27. 
In ARDS, systemic vasodilators can aggravate 
hypoxia by causing intrapulmonary right-left 
shunting due to the interference with hypoxic 
pulmonary vasoconstriction28. Nevertheless, the 
vast majority of respondents routinely used these 
alternatives to iNO either as a true alternative, or 
as part of a weaning strategy to prevent rebound 
pulmonary hypertension. Inhaled prostacyclins 
and inhaled type III phosphodiesterase inhibitors 
are a promising group of selective pulmonary 
vasodilators, combining some of the advantages 
of iNO with a significantly longer half-life, thus 
obviating the need for continuous administration. 
Furthermore, the association of iNO and inhaled 
prostacyclin has the potential of synergistic 
beneficial effects, yet this specific use of 
combination therapy has not been assessed in the 
current survey29.

Only half of the respondents reported that iNO 
therapy is reimbursed in their country. 

iNO for vasoreagibility testing in selected patients 
with pulmonary arterial hypertension was reported 
by only 14% of respondents, which might also be 
attributed to an underrepresentation of cardiologists 
in our study sample.

Interestingly, the use of iNO for the treatment 
of severe hypoxic respiratory failure was only the 
fourth most frequently reported indication. In this 
context, the majority of respondents treat patients 
with iNO only in a “last resort” setting., i.e. in the 
presence of a low PaO2/FiO2-ratio (<100 mmHg) 
or signs of right ventricular dysfunction, or when 
patients fail to respond to prone positioning or 
high positive end-expiratory pressure (PEEP). This 
tendency to use iNO only in the most severe cases 
represents the prudent application of the available 
evidence, that has not been able to prove significant 
improvements in morbidity or mortality with the 
use of iNO for ARDS8,9,10,11,12.

A significant portion of the sampled population 
supported the prophylactic use of iNO during 
specific surgical procedures, the most frequently 
reported indication being cardiac surgery for 
patients with pulmonary artery hypertension. 
This is in contrast with the numerous trials that 
were unable to demonstrate outcome benefits of 
prophylactic iNO treatment13,14,15,16,17,18,19. Likewise, 
the recently published international guidelines 
on the perioperative management of lung 
transplantation do not recommend the prophylactic 
application of iNO1.

This survey also highlights the importance 
of echocardiography in our clinical practice as 
echocardiography was indicated as the most 
important tool for advanced hemodynamic 
monitoring during iNO treatment. This was 
true for any indication, most probably because 
echocardiography allows the comprehensive 
assessment of right ventricular function and also 
pulmonary hemodynamics in a non-invasive 
(transthoracic echocardiography) or minimally 
invasive (transoesophageal echocardiography) 
manner and because echocardiography is nowadays 
considered a first-line diagnostic and monitoring 
tool7,20. A pulmonary artery catheter was used more 
often in the setting of right ventricular dysfunction 
than in ARDS. This could be because right 
ventricular dysfunction is most often encountered 
in cardiac surgical patients, in which pulmonary 
artery catheterization still belongs to the standard 
monitoring in many centres21. Less invasive 
alternatives to cardiac output measurement were 
only used by a minority of respondents, probably as 
these techniques still lack accuracy in patients with 
cardiogenic shock and do not allow the continuous 
monitoring of right ventricular afterload22.
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Limitations

While all members of the ESAIC anaesthesia and 
intensive care community were approached, the 
present survey had a relatively low response rate. 
However, considering the particular and specialised 
character of this topic, and the fact that many of 
the general membership do not routinely use this 
specific treatment modality, the overall return 
seems acceptable and is in line with a previous 
survey. Moreover, the COVID19-pandemic was 
likely a factor negatively contributing to the 
willingness of respondents to participate in a 
survey. Also, since the questionnaire was created 
before the COVID19-pandemic, it did not contain 
questions specifically regarding COVID19-related 
ARDS. These limitations make our results less 
generalizable, yet they are the best option available 
to us at this time to gain some insight into current 
practice. 

Survey-based research into clinical practice has 
the inherent limitation of only providing insight into 
the respondents’ perceived practice, in contrast to 
the actual current practice. Selection bias toward 
practitioners with above-average interest in iNO 
therapy is another unavoidable limitation of this kind 
of research. Attempts to more accurately describe 
current iNO practice would require prospective 
observational trials. 
 
Conclusion

iNO remains a rescue and off-label treatment 
modality in adults presenting with pulmonary 
arterial hypertension, right ventricular failure and 
ARDS, among other rarer indications. Institutional 
guidelines are still largely lacking, resulting in 
widely varying practices both within and among 
hospitals. Further prospective trials are needed 
to assess accurate clinical practice of iNO (and 
alternative pulmonary vasodilator) therapies 
and a revised international and multidisciplinary 
consensus for modern practice recommendations.
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