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Introduction

The administration of nitric oxide (NO) via inhalation
has been shown to vasodilate the pulmonary circulation
selectively without affecting systemic vascular tone [1,
2]. Inhaled NO has been proposed to improve oxygena-
tion and/or reduce pulmonary hypertension in patients
suffering from the acute respiratory distress syndrome
(ARDS) [2], after cardiac surgery [3, 4], in congenital
heart diseases [5, 6], in children with pulmonary hyper-
tension [7], in neonatal respiratory failure [8] and in pri-
mary pulmonary hypertension [9-12]. Therefore, in-
haled NO has emerged as a widely used therapy in the
intensive care unit (ICU) despite a paucity of controlled
studies on outcome. In pediatric and neonatal patients,
multicentric trials have proved that inhaled NO could
reduce mortality or requirements for extracorporeal
oxygenation techniques [8, 13], but beneficial effects on
outcome have not been shown in adults with ARDS
[14-16].

In 1997, we conducted a study using a questionnaire
evaluating the current practice among European inten-
sivists on the indications, use, monitoring and safety of
inhaled NO therapy. Our aims were to establish areas
of consensus among both the opinions of the members
of the Working Group and actual European practice,
given the fact that recommendations (rather than fixed
regulations) concerning the use of NO, even if including
part of the results of this survey, would only be possible
after detailed analysis of clinical studies targeted at
measurements of outcome.

Material and methods

This survey was conducted as part of the activities of the Working
Group on “NO in the ICU” of the European Society of Intensive
Care Medicine (ESICM). This group includes 48 intensivists from
12 European countries and from USA involved in clinical and ex-
perimental developments related to NO in the ICU. To explore
the current practice of inhaled NO in the ICU, a questionnaire
was developed consisting of 33 questions regarding modes and do-
ses of administration, monitoring, safety and effects on hemody-
namic and gas exchange parameters (see Appendix). The ques-
tionnaire was given to members of the Working Group and sent
to all members of the ESICM with an accompanying letter. A sin-
gle mailing was sent on November 29, 1997, without further re-
minder or incentive. The results of the survey were presented to
the ESICM Working Group on NO. After discussion of the results,
Working Group members generated comments for the use and reg-
ulation of inhaled NO for future studies.

Binary and categorial questions were used to determine re-
ported practice. In addition to demographic information, the ques-
tionnaire recorded year of starting the use of inhaled NO therapy,
number of patients treated to date, indications and criteria for
NO administration, modes of administration and monitoring, effi-
cacy criteria and safety issues. Statistical analyses were performed
using StatView software (Abacus Concepts, Inc., Berkeley, CA,
1994). Frequencies and means were computed for individual items
as appropriate, and included only the persons responding to the in-
dividual items. Contingency table analyses were used to determine
whether a relationship existed between the response to a given in-
dividual item and type of primary speciality, year of starting the
use of inhaled NO therapy and the number of patients treated.
The chi-square test was used to evaluate differences, with a prob-
ability value less than 0.05 considered as significant.

Results

Medical environment and use of NO therapy

Within 4 weeks after mailing, 310 physicians from
21 countries responded to the questionnaire. Of these,
196 (63.2%) currently use inhaled NO therapy
(Fig.1). The primary declared specialities (Fig.2) were
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Countries

Australasia
Austria
Belgium/Lxbg
Denmark
Eastern Countries
Finland
France
Germany
Greece
Ireland

Israel

Italy
Netherlands
Norway
Portugal
Spain
Sweden
Switzerland
UK

USA

Fig.1 Country of origin of re-
spondents to the questionnaire.
Values are number of answers

Speciality

(Number of Answers)

Surgery

Internal Medicine

Intensive

Other
Care

‘ Paediatrics
Anaesthesiology

Fig.2 Primary speciality declared by the respondents to the ques-
tionnaire. Values are number of answers

anesthesiology (n =122, with 58 % using NO), inten-
sive care medicine (n = 98, with 71 % using NO), inter-
nal medicine (n =44, with 47 % using NO), pediatrics
(n =31, with 90% using NO), surgery (7 respondents)
and others (8 respondents). Chi-square analysis re-
vealed that intensivists and pediatricians were the two
specialities that were significantly most likely to use in-
haled NO (p <0.0004). More than half of the physi-
cians (161 out of 310) were practising in hospitals with
more than 750 beds, with a higher than expected pro-
portion of NO-users (76 %, p <0.0001). Almost two-
thirds of the respondents worked at university hospi-
tals.

The distributions of the year of starting NO therapy
and the numer of patients treated to date among respon-
dents are shown in Fig.3. The vast majority started NO
therapy before 1996, and 42 % of them have treated
more than 30 patients. In addition to NO inhalation, be-

NO-Users
Non-NO-Users

sides alveolar recruitment, other techniques to improve
gas exchange by the responders included prone position
(used by 82% of physicians), aerosolized prostacyclin
(18%), almitrine infusion (20%) and extracorporeal
CO, removal techniques (27 %).

Indications of inhaled NO therapy

The results are presented in Table 1. Not surprisingly,
pediatricians mentioned ARDS (with a Murray
score > 2.5) (p <0.0001) and acute lung injury (ALI)
(p < 0.002) as indications for NO therapy less frequent-
ly than non-pediatricians. For all physicians, pulmo-
nary hypertension was considered a good indication in
80 % of cases. Right ventricular failure was considered
as an indication by 38 % of non-pediatricians and by
16 % of pediatricians (p < 0.05). Among pediatricians,
primary pulmonary hypertension and congenital heart
disease were considered as indications in 86% and
73 % of respondents, respectively. Finally, NO therapy
was indicated by 70% of all physicians in idiopathic
pulmonary hypertension and by 77 % of all physicans
in transplant patients or as a test before cardiac sur-
gery. The results were not related to the previous ex-
perience of the physicians since the answers were uni-
form when considering the year of starting the use of
inhaled NO therapy.

Considering PaO, as an indicator of NO therapy,
27% of the respondents felt NO was indicated for a
PaO,/FIO, less than 100 mm Hg, and 32 % for a PaO,/
FIO, between 100 and 150 mmHg. However, 29 % of
the respondents did not use PaO,/FIO, as a criteria for
NO therapy. These results were unrelated to the pri-
mary specialities of the physicians or the year they be-
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Fig.3 Number of patients treated by the respondents to the ques-
tionnaire according to the year of starting NO therapy

gan to use NO. Considering hemodynamic data, a ma-
jority of NO-users (62%) did not consider threshold
values of pulmonary artery pressure or pulmonary vas-
cular resistance as an indication for NO therapy. The
usual aims of therapy were to increase PaO, (97 %)
and reduce pulmonary hypertension/right ventricular
afterload (78 %). Only half of the respondents (50 %)
aimed to decrease the baro-volotrauma of mechanical
ventilation with NO.

Modes of inhaled NO administration and monitoring

The mean duration of treatment was similar for all phy-
sicians’ primary specialities and was 3—4 days in 45 % of
the cases and 5-6 days in 36 % (Fig.4). Less than 15%
administered NO for more than a week. The mean frac-
tion of NO given in ARDS/ALI and in pulmonary hy-
pertension was different, with a distribution of the an-
swers shifted towards higher doses in pulmonary hyper-
tension (Fig.5). The highest amount of NO given to a
single patient was greater than 40 ppm for 43 % of phy-
sicians. These results were influenced (p <0.004) by
the previous number of patients treated by the respon-
dents: physicians who had treated 20 or fewer patients
were more likely to administer a maximum dose of NO
less than 20 ppm, while physicians who had treated
more than 20 patients were more likely to have adminis-
tered a maximum dose of NO higher than 40 ppm.

The concentration of NO in the tank used varied
among users, although for non-pediatricians, 49 % of re-
spondents reported a NO concentration higher than
900 ppm (Table 2). Pediatricians usually (40%) used
tanks at lower concentrations (500-900 ppm). About
one-fifth used tanks with concentrations higher than
900 ppm. The site of NO administration was through
the Y-piece of the ventilator for the vast majority of re-
spondents (73 %), a response not affected by the pri-
mary speciality of the physicians or by the year of start-

Table 1 Indications of inhaled

NO therapy used by the re- Q&isgtly]e il;iznswe E;Zrigfnle Pediatrics Surgery  Other Totals
spondents of the questionnaire
according to the primary spe- Acute respiratory distress syndrome (ARDS)
ciality declared. Yes/No de- Yes/No 70/0 68/1 22/0 19/7 11 3/0 183/9
notes number of positive and % 100 % 98.5% 100 % 73.1% 95.3%
negative answers, respectively.  Acute lung injury (ALI)
Percents denote percentage of  yes/No 47/19 47/15 13/8 917 0/2 1/0 117/61
positive answers within a given o, 71.2% 75.8% 61.9% 34.6% 65.7%
speciality .
Pulmonary hypertension (PHT)
Yes/No 53/16 57/10 13/8 23/4 2/0 4/0 152/38
% 76.8% 85.1% 61.9% 85.2% 80 %
Right ventricular failure (RVF)
Yes/No 23/38 26/37 4/16 4/21 2/0 11 60/113
% 37.7% 41.3% 20% 16 % 34.7%
Idiopathic pulmonary hypertension (IPHT)
Yes/No 13/46 19/35 6/14 9/16 0/1 01 47/113
% 22.1% 352% 30% 36 % 29.4%
Transplant patients
Yes/No 13/43 10/46 5/16 5/16 1/0 11 351122
% 232% 17.9% 232% 23.8% 22.3%
Primary pulmonary hypertension of the newborn (PPHN)
Yes/No 11/48 15/39 3/16 25/4 1/0 2/1 57/108
% 18.6 % 27.8% 15.8% 86.2% 34.6%
Congenital heart diseases (CHD)
Yes/No 12/44 14/41 4/16 1977 1/0 211 52/109
% 21.4% 254% 20% 73.1% 323%
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Fig.4 Mean duration of inhaled NO therapy (days). Values are
number of answers to the questionnaire
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ing NO therapy. Fifty-one percent of the physicians ad-
ministered inhaled NO continuously throughout the re-
spiratory cycle and 49% only during the inspiratory
phase. Eighty-five percent of physicians monitored the
inhaled NO concentration, mainly in the inspired circuit
(77% of answers) and in a continuous mode (89 % of
answers). The most usual technique of monitoring was
electrochemical cells (65 % ), although the use of chemi-
luminescence increased with the reported number of pa-
tients treated with NO (p < 0.05).

Table 2 Frequency distribution of NO in N, (ppm) concentrations
in the tanks used for NO delivery and sites of NO administration
according to the speciality of the respondents to the questionnaire

Mean Dose of NO Used (ppm):

in ARDS/ALI
m in PHT

100,
801
601

40

201 |

Number of Answers

W

6-10 11-20
Fig.5 Mean doses of inhaled NO (ppm) administered in acute re-
spiratory distress syndrome/acute lung injury (ARDS/ALI) and in
pulmonary hypertension (PHT). Values are number of answers to

the questionnaire

>20

Efficacy of inhaled NO administration

On a practical aspect, the estimated number of patients
not responding to NO (i.e. failing to increase PaO, by
10%) was distributed as a bell-shaped curve with the
peak corresponding to an estimate of 10-20% of non-
responders to NO (33 % of answers) (Fig. 6). For the ex-
treme answers, 16 % of physicians estimated that the
proportion of non-responding patients was less than

and to the site (i.e. inspired or expired circuit) of NO monitoring
(for the physicians using a monitoring method). Values are number
of positive answers divided by total number of answers

Speciality NO concentration in tank (ppm) Site of NO administration
101 to 250 251 to 500 501 to 900 > 900 Before Through Catheter in
ventilator Y tracheal
piece tube
Aunesthesiology 11/68 10/68 11/68 36/68 18/64 43/64 3/64
% 16.2 14.7 16.2 52.9 28.1 67.2 4.7
Intensive care 12/61 13/61 9/61 27/61 14/66 46/66 6/66
% 19.7 21.3 14.7 443 21.2 69.7 9.1
Internal medicine 0/19 3/19 6/19 10/19 3/22 18/22 1/22
% 0 15.8 31.6 52.6 13.6 81.8 4.5
Pediatrics 2/27 8127 11/27 6/27 1/25 24/25 0/25
% 7.4 29.6 40.7 222 4 96 0
Surgery 0/2 02 12 172 0/2 22 0/2
Other 01 0/1 01 1/1 3/4 1/4 0/4
Totals 25/178 34/178 38/178 81/178 39/183 134/183 10/183
% 14 19.1 21.3 45.5 21.3 73.2 55
Site of NO monitoring
Inspired circuit 9/115 21/115 23/115 62/115 31/113 80/113 2/113
% 7.8 18.3 20 53.9 27.4 70.8 1.7
Expired circuit 4/31 6/31 11/31 10/31 8/34 25/34 1/34
% 12.9 19.3 35.5 32.3 23.5 73.5 2.9
Totals 13/146 27/146 34/146 72/146 39/147 105/147 3/147
% 8.9 18.5 23.3 49.3 26.5 71.4 2
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Fig.6 Estimated percentage of patients not responding to inhaled
NO therapy (i.e. failing to increase PaO, by 10%). Values are
number of answers to the questionnaire
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Fig.7 Estimated percentage of failure-to-wean NO therapy. Val-
ues are number of answers to the questionnaire

10 %, while 11.5% estimated that this proportion was
higher than 40 %. The apparent reasons for this hetero-
geneity are not clear and did not seem related to the
year of starting NO therapy or to the medical special-
ities.

The most frequent answer for the FI1O, reached for
weaning from NO therapy was 0.5-0.6 (45% of an-
swers), but the level of FIO, had to be lower than 0.5
for 23 %. There was no statistical correlate between the
preferred value of FIO, for weaning and the declared
PaO,/FIO, leading to an indication of NO therapy. In-
terestingly, 31 % of physicians did not use this parame-
ter for weaning, and only 37 % of these also did not use
the PaO,/F1O, value as an index for NO indication.
The vast majority of physicians used a slow wean off
NO (83%) rather than a simple disconnection (16 % ).
The estimated percentage of failure-to-wean NO ther-
apy (requiring the re-introduction of NO therapy) re-
ported by the physicians was relatively small: 43 % esti-
mated it to be less than 10% and 27 % estimated in the
10-20 % range of treatment episodes (Fig. 7).

Table 3 Declared level of recommendations/regulations regarding
NO use

Should be performed: Should Totals
at national level at not be
Europan level performed

NO-users 34 (18%) 136(71%) 21 (11%) 191 (100%)
Non-NO-users 13 (18%) 57(77%) 4(5%) 74 (100%)
Totals 47(18%) 193 (73%) 25(9%) 265 (100%)

Safety of inhaled NO administration

The reported incidence of incidents/complications pos-
sibly related to inhaled NO was 20 % for methemoglo-
binemia, 9% for excessive bleeding and 6 % for acute
pulmonary edema. There was no statistical difference
related to the primary speciality of the physicians. Final-
ly, regarding the need for recommendations/regulations,
the majority of respondents estimated that such recom-
mendations/regulations should be performed at the Eu-
ropean level (Table 3). These results were not affected
by the year of starting NO therapy, or by primary spe-
ciality. Also, 77 % of NO-users (but only 40 % of non-
NO-users, p < 0.0001) declared interest in participating
in a European multicentric trial.

Discussion

The recent discovery of the selective pulmonary vasodi-
lating properties of inhaled NO has stimulated its ad-
ministration to correct hypoxemia or relieve pulmonary
hypertension. Furthermore, the anti-inflammatory ef-
fects of inhaled NO have been described in animal mod-
els, including decreased PMN activation or pro-inflam-
matory cytokines production [17, 18], in patients with
ARDS [19], in neonates [20] and during lung transplan-
tation [21]. However, inhaled NO may also worsen lung
injury, especially when combined with high inspired
oxygen fractions via the rapid formation of toxic NO de-
rivatives such as nitrogen dioxide (NO,) or peroxyni-
trite (ONOO) [22, 23]. Therefore, it is still unknown
whether the apparent short-term beneficial effects of in-
haled NO on oxygenation and reduction in pulmonary
hypertension are associated with a positive effect on
mortality, and no information exists on its potential
long-term toxicity [24]. Following a National Heart,
Lung and Blood Institute meeting in 1993, safety guide-
lines for studies of NO inhalation have been proposed in
an attempt: 1) to minimize the amount of NO, gener-
ated during NO inhalation; 2) to promote the monitor-
ing of the NO fraction administered and of methemo-
globin levels; 3) to use the “lowest effective concentra-
tion of inhaled NO”; 4) to avoid sudden discontinuation
of inhaled NO and 5) to have access to a supplemental
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breathing circuit capable of delivering inhaled NO to al-
low manual ventilation during tracheal suctioning or
transport [25]. Recently, based on the results of a survey
obtained in 54 ICUs in the United Kingdom, Cuthbert-
son et al. [26] extended these recommendations, with
special regard to the delivery, monitoring and scav-
enging of NO.

As the literature on inhaled NO therapy is rapidly
expanding [27], and national regulations specifying the
modalities of NO inhalation therapy besides research
are at the present time only available for France, United
Kingdom [26, 28], Germany, Austria and Sweden, we
prepared this questionnaire to determine why and how
inhaled NO is presently used, and to estimate whether
a consensus on its use could be reached at the European
level. The intensivists clearly declared a preference for
European rather than national (or no) recommenda-
tions regarding NO use. Tentative recommendations
based on evidence published in the literature cannot, as
for meta-analyses, be taken as surrogate evidence for
the necessity of performing large multicentric trials spe-
cifically focusing on a given question [29]. Given the in-
herent limitation that such a survey does not document
current practice, but rather the respondents’ beliefs
about their practice [30], overall differences in practice
among respondents to the questionnaire who used NO
were relatively minor, and appeared mainly related to
differences between adult and pediatric patient popula-
tions.

The large number of answers received (including on-
third of respondents not even using NO) after a single
mailing without any reminder or incentive could be in-
terpreted as a sign of interest from the ESICM mem-
bers. Respondents were well distributed between var-
ious specialities, with potentially good experience in re-
spiratory critical care based on the number of patients
treated and the percentage of physicians using relatively
sophisticated techniques such as prostacyclin or almi-
trine infusion, prone position and extracorporeal CO,
removal techniques. The vast majority of respondents
had more than 2 years, experience in the use of inhaled
NO and, according to the individual declarations, the to-
tal number of patients treated by the respondents of this
survey was between 4290 and 5450. Respondents were
apparently satisfied with inhaled NO therapy (based on
percentages of patients responding to NO, failing to be
weaned and the duration of treatment), with few report-
ed incidents, and they declared a willingness to partici-
pate in a European multicentric trial. This encourages
the elaboration of European recommendations for in-
haled NO indications, modes of administration, moni-
toring and criteria for efficacy and safety, which should
not, however, be interpreted as a definitive statement
regarding the efficacy of NO.

The indications for inhaled NO therapy suggested by
the respondents reflected the literature. Pediatricians

often cited specific indications such as primary pulmo-
nary hypertension of the newborn and congenital heart
diseases. Other indications were less common for pedia-
tricians, except for pulmonary hypertension. Among
non-pediatricians, ARDS was almost unanimously cit-
ed, and ALI by three-quarters of respondents. This ma-
jority (58%) of respondents administered NO when
PaO,/FIO, is less than 150 mm Hg. This tendency to ad-
minister NO only to the sickest patients might be relat-
ed to the potential risks associated with NO administra-
tion and/or to the unproven effect of NO administration
on the outcome in patients with respiratory failure. In-
terestingly, one-third of respondents did not use PaO,/
FIO, as an index for NO administration in hypoxemic
patients. Besides PaO, improvement, the other effects
of inhaled NO, such as modulation of the pulmonary in-
flammation [18-20, 31], are still debated. Limitation of
the deleterious consequences of baro/volotrauma, a po-
tentially beneficial consequence of inhaled NO therapy
(although still under investigation), was also an indica-
tion for initiating NO therapy in half of the respondents.

After ARDS and ALI, the third most frequent indi-
cation for NO was pulmonary hypertension, although a
clear majority of respondents did not use threshold
values of pulmonary artery pressure or pulmonary vas-
cular resistance as indicators for NO inhalation. This,
again, is consistent with reports in the literature on the
effects of NO on the pulmonary vasculature [4, 32-38],
or with the possible lack of correlation between im-
provement in arterial oxygenation and decrease in
PVR [32, 36, 39]. Although a majority of respondents
used NO as a pulmonary vasodilator, less than 40%
used it in right ventricular failure. This indication may
become more popular if future studies expand earlier
findings of the beneficial consequences of NO on right
ventricular function in patients with ARDS [39, 40] or
with right ventricular dysfunction [41]. In ARDS, NO
can unload the right ventricle and increase the right ven-
tricular ejection fraction, with unchanged [39], or in-
creased, cardiac output in responders [40]. Inhaled NO
was less used in idiopathic pulmonary hypertension or
in transplant patients, but this could be due to the rela-
tive rarity of these diseases. Inhaled NO has been pro-
posed in idiopathic pulmonary hypertension [10, 12,
42], but sometimes with potentially deleterious effects
[43, 44]. Increased pulmonary wedge pressure and pul-
monary edema have been shown in patients with severe
left heart failure [45, 46]. Other diseases, such as chronic
obstructive pulmonary disease (COPD) were not pro-
posed as an indication because of the generally accepted
lack of improvement of PaO, for this indication [47, 48]
(since areas with low VA/Q ratios could be preferential-
ly vasodilated by NO [49]), although recent studies sug-
gest that inhaled NO may augment oxygenation during
exercise in COPD patients during exercise [50] or in
combination with oxygen [51].
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The duration of treatment and doses used were rela-
tively uniform. The vast majority of respondents used
NO for less than a week, a relatively short-term use that
might limit the incidence of untoward effects. The doses
used were relatively small compared to the doses initial-
ly described by Rossaint et al. [2], consistent with newer
dose-responses studies in the literature establishing that
relatively low doses of NO seem sufficient to correct hy-
poxemia [52, 53]. The use of higher doses in pulmonary
hypertension (but still generally <20 ppm) than in
ARDS or ALI was common, consistent with different re-
sponses to NO in these diseases. Gerlach et al. [32] ob-
served that the improvement in PaO, with 50 % maximal
response (ED50) occurred at approximately 0.1 ppm in
patients with ARDS, whereas ED50 for pulmonary ar-
tery pressure reduction was approximately 2-3 ppm.

Concerning the practical aspects of NO administra-
tion, the concentration of NO in N, in the tanks used
was not uniform. Usually, non-pediatricians use a tank
containing a concentration lower than 900 ppm,
whereas pediatricians usually prefer lower concentra-
tions. This is easily explained by the fact that the pedi-
atric population requires smaller minute ventilation
than adults, and by the greater concern of toxicity (par-
ticularly methemoglobin formation [54]) than in adults.
Some countries have issued special limitations for the
maximum concentration of NO in N, in the tank to be
used, especially for pediatric use. The maximum con-
centration of NO in the tank should probably be limited,
although very high concentrations (10,000 ppm) have
been used without reported incidents in 214 pediatric
patients with the development of a NO controller with
a fail-safe NO shut-off system and an incorporated max-
imum NO flow limitation [55].

Although accidental administration of high concen-
trations of NO (5,000 ppm) have been historically re-
ported to cause acute pulmonary edema and significant
methemoglobinemia [56, 57], the administration of ther-
apeutic doses of NO seems to be safe in terms of NO,
generation and methemoglobin toxicity. However, the
technique of NO delivery and administration should
minimize the amount of NO, administered to the pa-
tient and exposure to health care personnel [58]. The
rate of conversion of NO to NO, is directly proportional
to the square of NO concentration, residence time of
NO in O,, and FIO, [23, 59]. Nitrogen dioxide formation
is also faster when the temperature is lower, but humid-
ity does not influence NO, formation [60]. Gas cylinders
containing NO in N, may also initially have a high NO,
concentration (around 12 ppm) and should be flushed
thoroughly before use [61]. Recommendations for the
safe use of NO administration should include preventive
measures to minimize degradation of the NO fraction
administered, with delivery systems minimizing the
duration of contact with O, given the dilution of the
NO/N, mixture in the cylinder. The contact time be-

tween NO and oxygen can be reduced by administering
NO in the respiratory circuit closer to the patient, as sig-
nificantly higher rates of NO, formation have been de-
scribed with NO administered in a prebreathing circuit
blending system [7, 62, 63]. The interposition of a mixing
chamber has also been proposed to prevent the varia-
tion in inspiratory peak concentrations of NO during
its continuous administration [64].

For all specialists, the preferred site for NO adminis-
tration was through the Y-piece of the ventilator, al-
though one-fifth of respondents also administer NO be-
fore the ventilator. Very few (n=10) administer NO
through a fenestrated catheter in the tracheal tube, and
this should be discouraged given the risks of direct tra-
cheal lesions linked to high in situ concentrations of
NO. Nitric oxide administration before the ventilator
may lead to potential problems with a high rate of con-
version of NO to NO,, and requires the use of high pre-
cision mass flow regulators to allow a precise adjust-
ment of the gases at the inlet gas port of the ventilator.
The administration of NO in the inspiratory limb of the
ventilator reduces the time contact between NO and
O, and alleviates the need for sophisticated mass flow
regulators since a precision flowmeter becomes suffi-
cient to control the gas flow. However, it is important
to note that with continuous-flow administration, NO
concentrations administered are dependent upon the
ventilatory settings, the most important being the I: E
ratio and the addition of dead space [65]. Interestingly,
half of the respondents administered NO only during
the inspiratory phase of the ventilatory cycle, a tech-
nique that would limit the amount of NO administered
and prevent its build-up [2, 32, 53].

A majority of physicians monitored the NO fraction
administered, with regular measurements of mean in-
spired concentrations of NO and NOx. Electrochemical
cells were the most widely used method, although ex-
perienced physicians tend to prefer chemiluminescence.
These differences probably reflect the cost constraints
of this method. Electrochemical methods are usually
well correlated with chemiluminescence methods [63],
although they may be insufficient to exclude a NO, toxi-
city because of an inability to detect measurements in
the ppb-range [66]. Whatever method used for short-
term monitoring, analysers should be frequently cali-
brated [67]. Although this question was not asked spe-
cifically in the questionnaire, the monitoring of NO
therapy should also include assessment of the long-
term adverse events, with regular follow-up procedures.

Very few incidences of side effects have been report-
ed in the survey. The estimated percentage of patients
failing to respond to NO therapy was relatively small,
and might be related to the administration of NO in the
clinical situation after a therapeutic optimization [6§]
including alveolar recruitment [35, 69]. However, cau-
tion should be exerted during weaning and the acciden-
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tal discontinuation of therapy must be avoided. In some
patients, a rebound phenomenon with acute pulmonary
hypertension has been described after prolonged in-
haled NO therapy [52, 70, 71] that might be secondary
to a negative feedback mechanism, as inhaled NO can
probably decrease endogenous NO production.
Concerning methemoglobin production following in-
haled NO therapy, several case reports have described
potentially deleterious increases in methemoglobin that
would reduce the carrying potency of hemoglobin for
oxygen [72]. Methemoglobin levels are usually not ele-
vated following the administration of normal doses of
NO [27, 73] because NO is reduced by methemoglobin
reductase in the red cells [74]. Newborns may present a
reduced NADH-methemoglobin reductase activity com-
pared with adults [54], leading to possible deleterious in-
creases in methemoglobin levels in children [7], although
these are uncommon even in this population [6, 13, 75].
Finally, NO inhalation may interact with the coagula-
tion system and increase bleeding time [76]. In ARDS
patients, platelet aggregation was attenuated, but the
bleeding time was found to be unchanged, even though
NO fractions up to 100 ppm were used [77]. Such an
“anticoagulatory” effect of inhaled NO might be benefi-
cial in this inflammatory disease, which is characterized
by the existence of microthrombi within the pulmonary
microvasculature. However, this observation would sug-

gest that caution should probably be applied regarding
the use of inhaled NO in patients with bleeding tenden-
cies, as recently reported in two patients [78].

List of participants of the working group on inhaled NO
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Czech Republic: 1. Novak, V. Sramek, R. Kraus; France:
S. Beloucif, G. Bonmarchand, F. Jardin, B. Page,
D.Payen, B. Vallet; Germany: P. Radermacher, R. Ros-
saint, M. Weiss; Italy: M. Borelli, C. Galbusera, G. Iotti;
The Netherlands: E. De Bel, G.J.Scheffer, L. G.Thijs,
J.H.Zwaneting; Norway: H. Opdahl; Spain: R. Angles,
F. J.De Latorre, J. Mancebo, J. R.Masclans, 1. Rouira;
Sweden: C. Frostell, S. Lundin; Switzerland: B. Ricou,
Y. A.Ruetsch, P. Suter; United Kingdom: B. H. Cuth-
bertson, T. Evans, H. Galley, A. Karnik, K. Kelly, R.
Kong, M. Smithies, S. A.Stott, N. R. Webster; United
States of America: D. C. Angus, M. R. Pinsky.
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QUESTIONNAIRE ON INHALED NO IN THE ICU

A. Medical Environment

1. You live in the following country D
1. Australasia 2. Austria 3. Belgium/Luxembourg 4. Canada 5. Denmark 6. Finland 1

7. France 8. Germany 9. Greece 10. Ireland 11. Israel 12. Italy

13. Netherlands  14. Norway 15, Portugal 16. Spain 17. Sweden 18. Switzerland

19 Turkey 20. UK 21. USA 22. Eastern countries 23. Other:

2. Your primary speciality is D
1. Anaesthesiology 2. Intensive Care 3. Internal Medicine 4. Paediatrics 2
5. Surgery 6. Other:

3. The hospital with which you are most closely affiliated has D
1. less than 250 beds 3. 251 to 499 beds 3. 500 to 749 beds 4. 750 beds or more 3

4. This hospital is a D
1. University hospital 2. City or country hospital (regional centre) 3. Private hospital 4

5. The intensive care unit (ICU) where you work has D
1. 6 beds or less 2.7-12 beds 3. 13-19 beds 4. 20 beds or more 5

6. This ICU is D
1. Medical 2. Surgical 3. Medico-Surgical 4. Coronary (CCU) 6
5. Paediatric 6. General
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B. Practical questions about your work

7. Do you use inhaled NO? l.yes  2.no D
7
8. When did you start using inhaled NO? D
1. before 1993 2.1in 1993 3.in 1994 4. in 1995 5.1in 1996 8
9. Average number of patients treated so far: D
1. 1-10 2.11-20 3.21-30 4.31-40 5.>40 9
10. Mean duration of treatment (in days): D
.12 234 356 4710 5>10 10
11. Are your indications: l.yes  2.no
ARDS (ATS definition, with Murray score > 2.5) D 11
Acute lung injury D 12
Pulmonary hypertension D 13
Right ventricular failure (eg RV infarction) 14
Primary pulmonary hypertension of the newborn D 15
Idiopathic pulmonary hypertension 16
Transplant patients/test before cardiac surgery 17
Congenital heart disease 18
12. Considering PaO,, do you decide to administer inhaled NO if PaO,/FiO, is: D
1.0-100  2.101-150  3.151-200  4.201-300 5.1 do not use this index 19
13. Do you consider threshold values of pulmonary artery pressure/pulmonary D
vascular resistance as an indication for NO therapy? l.yes 2.no 20
14. Are the usual aims of inhaled NO therapy to 1. yes 2.no

Increase PaO,/FiO,
Decrease baro-volotrauma of mechanical ventilation

Reduce pulmonary hypertension/right ventricular afterload

b

22
23
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15. In your experience, what is the percentage of patients not responding to NO
(i.e. failing to increase PaO, by 10%)?
1.<10% 2.10-20% 3.21-30% 4.31-40 % 5.>40%

by

16. Which is the usual amount of NO given (ppm) in ARDS/Acute lung injury?
1.1 2.2-5 3.6-10 4.11-20 5.>20

DZS

17. Which is the usual amount of NO given (ppm) in pulmonary hypertension?
1.1 2.2-5 3.6-10 4.11-20 5.>20

D%

18. Which is the highest amount of NO (ppm) ever given in a selected patient?
1.10  2.11-20  3.21-30  4.31-40  5.>40

D27

19. Would you administer inhaled NO:

1. Continuously throughout the respiratory cycle 2. Only during the inspiratory phase

D28

20. Which is the concentration of NO (ppm) in the delivery tank used?
1. 1-100 2. 101-250 3.251-500 4.501-900 5.>900

by

21. Which is the site of NO administration used?

D30

1. Before the ventilator 2. Through the Y-piece 3. Fenestrated catheter inside the tracheal tube

22. Do you monitor the inhaled NO concentration given?

2.no

D31

23. If you do monitor inhaled NO therapy, which is the technique used?

1. Electrochemical cells 2. Chemiluminescence 3. Mass spectrometry

D32

24. Where do you monitor?
1. Inspired circuit 2. Expired circuit

D33

25. What is the frequency of the monitoring?

1. Continuously 2. Every hour 3. Every 2 hours 4. Every 6 hours

5. Daily

D34

26. Do you wean the patient from NO when:

1. FiO, < 0.5 2.Fi0,=05-0.6 3. I do not use this index for weaning

DSS

27. How do you wean the patient from NO?

1. Just by disconnecting NO 2. Down titration, slowly decreasing NO dose

D36

28. In your experience, what is the percentage of failure-to-wean NO therapy
(imposing to re-introduce NO therapy)?
1. <10% 2.10-20% 3.21-30% 4. 31-40 % 5.>40%

D37
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29. In your clinical practice in ARDS, besides alveolar recruitment,

do you use the following therapies in addition to NO inhalation? 1. yes 2.no
Prone position D 38
Aerosolised prostacycline D 39
Almitrine infusion 40
Extracorporeal CO, removal techniques 41
30. Did you observe the following incidents/complications in your practice

that you think were possibly related to inhaled NO? 1. yes 2.no
Methemoglobinemia D 42
Excessive bleeding D 43
Acute pulmonary oedema 44
Other (please specify): ..........ccooeeene 45
31. Did your country’s medical health services issue recommendations/regulations D

regarding the use of inhaled NO? 1. yes 2.no 46
32. Do you think such recommendations/regulations should be performed at the: D

1. National level 2. European level 3. Should not be perfomed 47

33. Would you be interested in participating in a European multicentric trial? 1. yes 2.no

If yes, please write your complete address (+ fax, phone & E-mail) below.

Additional comments/suggestions on inhaled NO utilisation, or on this questionnaire:

Many thanks for your interest and the time you spent to answer this questionnaire.

Please return this document to ESICM Administrative Secretariat

Mrs Suzanne Smitz-De Smet

40 Avenue Joseph Wybran

B-1070 BRUXELLES
November 1996



