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Abstract Objective: Al though  unli- 
censed,  inhaled nitric oxide (NO)  
the rapy  is now widely used in the 
Un i t ed  Kingdom.  O u r  a im was to 
p roduce  guidelines for  the clinical 
appl ica t ion  of inhaled N O  in adul t  
intensive care practice,  based  upon  
the  cur rent  level of  publ i shed  infor- 
mat ion .  
Methods: The publ ished da ta  re- 
gard ing  the use of  inhaled N O  in the 
acute  respi ra tory  distress synd rome  
and r ight-sided cardiac fai lure was 
p resen ted ,  analysed and discussed. 
R e c o m m e n d a t i o n s  based on these 
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da ta  as well as on cur rent  exper ience  
in the Un i t ed  K i n g d o m  were  formu-  
lated. 
Design: A n  exper t  g roup  compris ing 
intensive care  specialists f rom with- 
in the Un i t ed  K ingdom,  represen ta -  
t ives f rom the E u r o p e a n  Society of  
In tens ive  Care  Medic ine  and the 
Society of  Crit ical Care  Medicine 
and  individuals f rom the Dep a r t -  
men t s  of  H e a l t h  and  Indus t ry  relat-  
ed to the field was assembled.  
Results: Uni t ed  K i n g d o m  guidelines 
for  the indications, contra indica-  
tions, dose,  delivery, moni tor ing  and 
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scavenging of inha led  N O  the rapy  
were produced.  
Conclusions: The need  for  addi t ion-  
al quality research  to es tabl ish  evi- 
dence of efficacy and  safety  was em-  

phasized. The  guidelines are de- 
signed to act within the  context  of  
current  pract ice  and knowledge  and  
should be  revised as fu r ther  da ta  
emerge .  

Key words Inha led  nitric 
oxide  • A R D S  - Acu te  r e sp i ra to ry  
fai lure  • H y p o x a e m i a  - P u l m o n a r y  
hype r t ens ion  - Pract ice  guidel ines  

introduction 

In  recent  years  the  use of  inhaled  nitric oxide (NO)  ther- 
apy in adult in tensive care units ( ICUs)  in the Uni ted  
Kingdom (UK)  has  b e c o m e  c o m m o n p l a c e  [1]. Howev-  
er, control led studies es tabl ishing the efficacy of inhaled 
N O  in adults are  awai ted ,  and  inhaled N O  is still an un- 
licensed therapy. M o r e o v e r ,  in the UK,  pleas for  caut ion 
regarding its use have  e m e r g e d  f rom influential sources 
including the C o m m i t t e e  on  Safety of  Medicines  [2-5]. 

The widespread  and  var iab le  use of  inhaled N O  in 
the I C U  sett ing in the  U K  suggests a clear  need  for  na- 
t ional guidelines. I t  is recognised  that  guidelines do not 
replace clinical j u d g e m e n t ,  but  ra ther  provide  a safe 
f r amework  within which such j udgemen t  can be exer- 
cised. Secondly, the emphas i s  on the unl icensed status 
of this t r ea tmen t  and the e n c o u r a g e m e n t  of  well de- 
signed research in this field are stressed. 

Methods 

From a previous survey [1], intensive care specialists using inhaled 
NO therapy were identified and were invited to attend a one day 
conference in London on 10 June 1997. A representative of the So- 
ciety for Critical Care Medicine and of the European Society for 
Intensive Care Medicine with extensive experience with the use 
of inhaled NO attended on behalf of their respective societies. 
Representatives of the Department of Health for England and 
Wales, British Standards Institution and Medical Devices Agency 
and representatives of industry also attended as observers. 

A review of current literature with emphasis on evidence to 
support practice in administering inhaled NO therapy in adults 
was presented. Thirty papers on the use of NO in the acute respira- 
tory distress syndrome (ARDS) were reviewed and the data analy- 
sed with respect to the effects on oxygenation and pulmonary vas- 
cular resistance. The 11 papers in which dose-response data were 
available were analysed in detail. Evidence was examined for the 
use of inhaled NO as a pulmonary vasodilator and the delivery 
and monitoring of inhaled NO therapy. The pharmacology of in- 
haled NO was discussed and surveys revealing current practice for 
the use of inhaled NO in the UK, Europe and North America 
were presented. A second session involved open discussion of the 
indications, dose, delivery, monitoring and scavenging of inhaled 
NO therapy with the aim of producing UK guidelines within the 
adult ICU setting. 

Results 

Indica t ions  

Background and controversies in ARDS  

The  mos t  c o m m o n  indica t ion  for  inhaled  N O  is acu te  
lung injury ( A L I ) / A R D S  in the  U K  (def ined accord ing  
to the A m e r i c a n / E u r o p e a n  Consensus  C o n f e r e n c e  defi-  
ni t ions)  [1]. Significant  ev idence  suggests  that  inha led  
N O  improves  oxygena t ion  and  reduces  p u l m o n a r y  ar- 
te ry  pressure  in the  ma jo r i t y  pa t ien ts  with A L I / A R D S  
[6-8]. As yet,  no p rospec t ive ,  r andomised ,  con t ro l l ed  
trials have  d e m o n s t r a t e  i m p r o v e d  o u t c o m e  for  this indi- 
cation. The  results  of  two r a n d o m i s e d  trials of  inha led  
N O  the rapy  in A L I  have  recent ly  b e e n  presen ted .  In  a 
double-b l ind  s tudy of 19 consecut ive  pat ients  r a n d o m i s -  
ed to inhaled N O  or  p l a c e b o  it was d e m o n s t r a t e d  tha t  
inhaled  N O  m a y  cause  a de l ayed  i m p r o v e m e n t  in oxy-  
gena t ion  not  r e la ted  to base l ine  p u l m o n a r y  vascula r  re-  
sistance. I t  did not  d e m o n s t r a t e  any  i m p r o v e m e n t  in 
o u t c o m e  [9]. A fu r the r  r a n d o m i s e d  s tudy of  260 pa t i en t s  
with A L I  fai led to d e m o n s t r a t e  substant ia l  clinical 
benef i t  f rom inhaled  N O  [10]. 

Recommendations in A R D S  

• The  clinical use of  inha led  N O  the rapy  in A R D S ,  as 
def ined  by  the A m e r i c a n - E u r o p e a n  Consensus  Confe r -  
ence  on A L I / A R D S  [11], should  be  l imited to pa t i en t s  
who  are optimally ventilated, with op t ima l  pos i t ive  end-  
exp i ra to ry  pressure ,  inverse  ra t io  vent i la t ion and  posi-  
t ional  m a n o e u v r e s  as app ropr i a t e .  Inha led  N O  shou ld  
be  in t roduced  if such pa t i en t s  have  a par t ia l  p re s su re  of  
oxygen  in ar ter ia l  b lood  (PaO2) of  < 12 kPa  with a f rac-  
t ional  inspired oxygen  of  1.0. 

Controversies~background for right-sided cardiac failure 
(RSCF) 

The  use of  inhaled  N O  in pa t ien ts  with R S C F  is also 
growing [1, 12-14]. R S C F  can  be  def ined as severe ,  
acute,  r ight ven t r icu la r  dysfunct ion  associa ted  with  pul-  
m o n a r y  hype r t ens ion  ( m e a n  p u l m o n a r y  a r t e ry  p res -  
sure > 24 m m H g ,  t r a n s p u l m o n a r y  grad ien t  > 15 and  pul-  
m o n a r y  vascular  res i s tance  > 400 dyne-s-cm -5) a n d  de-  
c reased  cardiac  index  unrespons ive  to c o n v e n t i o n a l  
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therapy. It may present during heart or lung transplanta- 
tion or surgery for pulmonary embolus or severe mitral 
valve disease. Inhaled NO has been used in RSCF to de- 
crease pulmonary vascular resistance and therefore right 
heart afterload without reducing systemic arterial pres- 
sure, which is essential for the maintenance of coronary 
perfusion to the right ventricle. Although there have 
been numerous favourable case reports, there have 
been no prospective controlled studies to date [12-14]. 

By reduction of right ventricular afterload the use of 
inhaled NO in biventricular failure may be associated 
with a increase in left ventricular preload, leading to fur- 
ther left ventricular dysfunction [15-18]. 

Recommendations in RSCF 

• Inhaled NO at 20-40 ppm may benefit patients with 
RSCE It should be combined with adequate support of 
the systemic circulation as necessary with inotropic 
agents and/or intra-aortic balloon pumping and possibly 
intravenous vasoconstrictors to maintain coronary flow 
to the right ventricle. 

Dose 

Background and controversies 

The dose range used for inhaled NO therapy has chan- 
ged as further investigations of dose-response relation- 
ships are published [8, 19, 20]. The dose required for 
the reduction of pulmonary arterial pressure seems to 
be significantly higher than that required to improve ox- 
ygenation in ARDS [7]. The effect of inhaled NO on 
pulmonary hypertension in patients with ARDS is not 
clear, as these effects are both modest and variable. Cur- 
rently, published data suggest the majority of patients 
will have a maximal improvement in oxygenation with 
doses of 20 ppm or less, although rarely 40 ppm is re- 
quired [21, 22]. 

Recommendations 

• A dose-response test should be performed at the 
time of introduction of NO therapy in ARDS. We sug- 
gest an initial dose of 20 ppm for 30 min. Regardless of 
response, this is then reduced to 10 ppm and 5 ppm for 
a further 30 min at each dose and then to 0 ppm, fol- 
lowed by continual delivery of the lowest effective dose 
(see below). It should be remembered that the maximal 
effect of inhaled NO could take up to 4 h to occur in an 
optimally ventilated patient and that patients may have 
a response at that time that was not present at 30 rain 
[21, 22]. 

• A 20 % rise in PaO 2 during the dose response test is 
recommended as the minimum response to continue 
use of inhaled NO therapy in ARDS. Due to the modest 
and variable effect of inhaled NO on pulmonary hyper- 
tension in ARDS, this parameter should not be used as 
a marker of response to treatment. 
• If the dose response test dose not produce a positive 
response, an upward titration to a maximum dose of 
40 ppm for 30 minutes is recommended [7, 23]. 
• With a PaO 2 response below this threshold, a dose-re- 
sponse test can be repeated daily while the patient fits 
the stated criteria for the introduction of therapy. 
• The minimum effective dose of inhaled NO that 
brings about the maximal rise in PaO 2 should be used 
for continuous administration. Daily dose titration 
should be performed to ascertain the minimum effective 
dose and to ensure a minimum 20 % PaO 2 rise is still 
achieved. 
• The dose range for the treatment of RSCF is 20- 
40 ppm 

Delivery 

Background and controversies 

Inhaled NO may be delivered by either continuous in- 
jection, or using synchronised inspiratory injection sys- 
tems. The latter should be considered as the optimal 
method, as it allows servo-controlled injection of the ni- 
tric oxide/nitrogen mixture (NO/N2) into the inspiratory 
limb only during inspiration. This should reduce the bo- 
lus effect seen with continuous injection systems and 
may reduce nitrogen dioxide (NO2) formation because 
of decreased NO and oxygen mixing time [24-27]. The 
continuous injection system uses a calibrated flow meter 
with stainless steel needle valves to deliver a continuous 
flow of NO/N 2 throughout the respiratory cycle [24]. 
Medical grade NO/N 2 is available in cylinders (ISO 
standard green shoulder, BOC standard gold body) 
with a stainless steel pressure regulator or can be piped 
through stainless steel medical gas piping. PIN indexed 
connectors are currently being developed for NO cylin- 
ders (ISO 407) and product specific outlet points are be- 
ing developed for piped NO (HTM 2022). 

Recommendations 

• Continuous or synchronised inspiratory injection de- 
vices are appropriate for the delivery of inhaled NO. 
• A calibrated flow meter with stainless steel needle 
valves must be used in delivering a continuous flow of 
NO/N 2. 
• NO/N 2 mixture should be delivered into the ventila- 
tor circuit as close to the ventilator as possible. The use 
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of a mixing device in the inspira tory limb will reduce de- 
l ivery of high peak  gas concent ra t ions  and is thus desir- 
able. 
• The delivery system should be flushed thoroughly be- 
fore  use. 
• The  position of the humidif ier  is probably  unimpor- 
tant.  
• Connectors  and pressure regulators  must  be stainless 
steel. 
• Medical  grade NO/N 2 cylinders or piped medical gas 
must  reach British Standards  Insti tution standards for 
medical  gases. Cylinders must  be secured to avoid staff 
injury or cylinder damage.  

Moni tor ing  

Background and controversies 

N O  can be measured  in gas mixtures  using ei ther chemi- 
luminescence or  e lec t rochemical  analysers. The latter 
can moni tor  bo th  NO and N O  2 levels to an accuracy of 
at least 1 ppm. Both  are cons idered  adequate  for clinical 
use. Chemiluminescence  analysers moni tor  NO, NO2 
and o ther  higher  oxides of  n i t rogen to an accuracy of a 
few parts per  billion. N O  and NO 2 monitors,  when 
placed at the distal end of  the inspiratory limb at the Y- 
piece,  give informat ion  abou t  the del ivered concentra-  
t ion of NO in the inspired gas, as well as on the forma- 
t ion and del ivery of the potent ia l ly  toxic NO 2. 

Nitric oxide and NO 2 levels in the expira tory limb of 
the circuit p rovide  little addi t ional  useful information 
on absorbed N O  and NO2 nor  reflect  environmental  
N O  2 levels [27, 28]. 

Doses  of  N O  far grea ter  than those used clinically are 
not  expected  to cause significant methaemoglobinaemia  
in adults [29]. There  may be an increased risk in paediat- 
ric patients or  in those with me thaemoglob in  reductase 
deficiency [30]. Only  two case repor ts  of clinically signif- 
icant me thaemoglob inaemia  during inhaled NO therapy 
have  been  published. Bo th  were  in neonates,  one of 
which was given an inadver ten t  overdose  [30, 31]. In- 
haled N O has now been  used in many  thousands of pati- 
ents  in doses r e c o m m e n d e d  in this documen t  without re- 
ports  of clinically significant methaemoglobinaemia .  
Since the produc t ion  of  me thaemog lob in  at the doses 
r e c o m m e n d e d  follows f i rs t -order  kinetics, should met- 
haemoglob inaemia  occur  it will be  in the first few hours 
a f te r  starting t r ea tmen t  or  af ter  an upward  dose titration. 

Recommendations 

• N O  and N O  2 should be mon i to red  continuously at the 
inspiratory side of the Y-piece as close to the patient  as 
possible. 

• E lec t rochemica l  moni tors  are cons idered  sufficiently 
accurate  and all moni tors  should be cal ibrated and 
main ta ined  according to manufac turers '  guidelines. 
• Exp i ra to ry  N O  and NO2 moni tor ing  is unnecessary.  
• Rout ine  m e a s u r e m e n t  of  me thaemog lob in  should be 
p e r fo rme d  pr ior  to and at t ime 1 and 6 h fol lowing the 
in t roduct ion  of  inhaled NO, daily the rea f t e r  and repeat -  
ed following increases in dose. 

Pat ient  and env i ronmenta l  exposure  

Background and controversies 

Env i ronmen ta l  N O  and NO2 moni tor ing  in the ICU can 
be p e r f o r m e d  using e lec t rochemical  or chemilumines-  
cence moni to rs  above  the patient ,  the site of maximal  
env i ronmenta l  pollution.  Contro l  of  Substances Haz-  
ardous to H e a l t h  ( C O S H H )  guidelines suggest that  en- 
v i ronmenta l  N O  levels should not  exceed  a t ime- 
weighted average  (TWA) of  25 ppm N O  over  an 8-h ep- 
och [32]. Levels  of  1 ppm N O  are the highest r eco rded  
in a clinical env i ronment  during the use of  inhaled N O  
[7, 24]. These  C O S H H  maximum exposure  levels are 
below the max imum dose suggested for  inhaled N O  in 
A R D S  and pu lmonary  hyper tension.  C O S H H  also sug- 
gest env i ronmenta l  N O  2 levels should not  exceed  a 
T W A  of  3 p p m N O  2 over  an 8-h epoch  [32]. The  maxi- 
mal t ime that  a pat ient  can be exposed  to inhaled N O  
the rapy  is unclear.  Basic safety data  exist up to 28 days, 
and there  are repor ts  of adminis t ra t ion for  up to 
53 days wi thout  un toward  clinical effects  [33, 34]. Fur- 
ther  data  are awaited on the potent ia l  role of N O  and 
NO2 in mutagenesis  [35]. 

Recommendations 

• Maximal  dose of inhaled N O  40 ppm (if fai lure to re- 
spond to lower  doses). 
• Ma x i mu m envi ronmenta l  N O  concen t ra t ion  of  
25 ppm over  8-h TWA. 
• Max imum inhaled and envi ronmenta l  N O  2 concen-  
t rat ion of  3 ppm over  8-h TWA.  
• With adequa te  vent i la t ion (see below),  at the doses 
r e c o m m e n d e d ,  env i ronmenta l  moni to r ing  is unneces-  
sary. 
• The mi n i mu m effect ive dose of  N O  should be used. 
• N O  t h e r a p y  should be weaned  as ear ly  as possible. 
• No t ime limit is set for  total exposure  time. 
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Table 1 UK guidelines for the 
use of inhaled nitric oxide in 
adult ICUs (ARDS acute re- 
spiratory distress syndrome, 
PaO 2 partial pressure of oxygen 
in arterial blood, FrO 2 fraction- 
al inspired oxygen, RSCF right- 
sided cardiac failure, 
M P A P  mean pulmonary artery 
pressure, TPG transpulmonary 
gradient, PVR pulmonary vas- 
cular resistance, NO nitric 
oxide, NO 2 nitrogen dioxide, 
TWA time-weighted average, 
L VF left ventricular failure) 

Indications 

Dose 

Delivery 

Monitoring 

Exposure 

Scavenging 

Scavengingtechniques 

Contraindications 

1. Severe ARDS 
Optimally ventilated 
PaO 2 12 kPa on FiO 2 1.0 

2. Right-sided cardiac failure 
Significant RSCF: MPAP > 24 mmHg, TPG> 15, 
PVR > 400 dynes-scm 
Must support systemic circulation: inotropes, etc. 
Beware adverse effects on the left ventricle 

1. Maximum dose 40 ppm 
2. Dose titration: 20-10-5-0 ppm for 30 min 
3. A 20 % rise in PaO2 on F~O2 1.0 required 
4. Use minimum effective dose 
5. RSCF: 20--40 ppm 
1. Continuous injection or synchronised inspiratory injection devices 

suitable with injection near to ventilator 
2. Medical NOfN 2 gas mixture 
3. Stainless steel pressure regulators, connectors and flow meter needle 

valves 
4. Calibrated flow meter 
5. Position of humidifier unimportant 
1. Continuous inspiratory NO and N O  2 a t  Y-piece 
2. Electrochemical monitoring adequate 
3. Monitors correctly calibrated 
4. Methaemoglobin levels: time 0, 1 and 6 h then daily 
5. Expiratory monitoring not necessary 
1. Maximum inhaled NO < 40 ppm 
2. Maximum inhaled NO 2 < 3 ppm 
3. Maximum environmental NO < 25 ppm for 8-h TWA 
4. Maximum environmental NO 2 < 3 ppm for 8-h TWA 
5. Minimum effective dose for shortest periods advised (safety data up to 

28 days available) 
1. Not required in well ventilated unit 
2. Environmental monitoring required in units with less than 10-12 air 

changes per hour and scavenging if exposure limits exceeded 

1. Filtration 
2. Active scavenging 
3. Passive scavenging 

Absolute: methaemoglobinaemia 
Relative: bleeding diathesis, intracranial haemorrhage, severe LVF 

Scavenging 

B a c k g r o u n d  and  controvers ies  

Scavenging of  expired N O  and N O  2 should be carried 
out (when appropr ia te)  in the expira tory  limb. Active 
scavenging systems represent  ideal methods  for both 
gases, but  are expensive and are not  widely available in 
the I C U  setting [1]. Passive scavenging is effective and 
can be achieved by vent ing expira tory gas into the wall 
suction or out  of  a window. Soda-l ime containing potas- 
sium pe rmangana te  is also effective, a l though possibly 
due to the react ion of  the indicator  and not the soda- 
lime [36, 37]. Industrial  absorbers  also scavenge N O  
and N O  2 [36]. The Nat ional  Hea l th  Services'  estate 
have s tated that  scavenging of  inhaled N O  therapy is 
not  requi red  in units that  meet  their guidelines for venti- 

lation in heal th care premises (10-12 air changes per 
hour) [38]. 

R e c o m m e n d a t i o n s  

• If  a unit meets  N H S  estate guidelines [38] for ventila- 
tion within an ICU,  expira tory N O  and NO2 scavenging 
is unnecessary. 
• Units  not meet ing  the N H S  estate guidelines should 
moni tor  and/or  scavenge environmenta l  N O  and NO2, 
and must  scavenge if the levels are above the stated en- 
vironmental  exposure  limits (see above). 
• Expi ra tory  scavenging using filtration, active or  pas- 
sive scavenging is appropr ia te  when required. 
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Discontinuat ion of inhaled N O  therapy  

Background and controversies 

There  are anecdota l  repor ts  of severe rebound  hypoxa-  
emia and pu lmonary  hyper tens ion  developing following 
withdrawal of inhaled N O  therapy  [39-43]. Placebo con- 
trolled data, however ,  do not  support  this as a significant 
clinical p rob lem during downward  t i trat ion of inhaled 
NO therapy  [21, 22]. When  used as a rescue therapy  in 
very severe disease, however ,  accidental withdrawal or 
supply failure could have severe adverse consequences.  
Back-up systems in case of  supply failure are the re fore  
advisable. Following pat ient  improvement ,  slow with- 
drawal of t r ea tmen t  in an incremental  fashion is advis- 
able with close moni to r ing  of pu lmonary  vascular dy- 
namics and oxygena t ion  variables. 

inhaled N O  [45, 46]. The  clinical significance of  this re- 
mains unclear  but  inhaled N O  should probably  be  used 
with caution in pat ients  with bleeding diathesis and in- 
tracranial  h a e mo r rh a g e  [47]. Repor t s  of worsening left  
ventr icular  failure (LVF)  during inhaled N O  suggests 
that  caut ion should be exercised when using inha led  
N O  the rapy  in New York H e a r t  Associat ion grade  III 
and IV L V F  patients  [15, 18]. 

Recommendations 

• Absolu te  contraindicat ions:  me t h a e mo g l o b inaemia  
reductase deficiency (congeni ta l  or  acquired).  
• Relat ive contraindicat ions:  b leeding diathesis, intra- 
cranial haemorrhage ,  severe left ventr icular  fai lure 
( N Y H A  grade III or IV). 

Recommendations 

• Avoidance of accidental  discontinuat ion or failure of 
supply of inhaled NO. 
• Back-up N O  supply and delivery equipment  should 
be available for  all pat ients  receiving such therapy. 
Equ ipment  for  moni to r ing  NO delivery should be re- 
placed as a m a t t e r  of  urgency. 
• Slow incrementa l  weaning  f rom inhaled N O  at end of 
t rea tment  with close moni tor ing  of pu lmonary  dynamics 
and oxygenat ion  variables. 

Contraindicat ions to the use of inhaled N O  

Background and controversies 

Patients with congeni ta l  or acquired methaemoglob in  
reductas e deficiency are at high risk if exposed to clini- 
cal concentra t ions  of  inhaled N O  [29, 30, 44]. Altera-  
tions in platelet  funct ion and bleeding t ime have been  
repor ted  in animal  and human  models  on exposure  to 

Conclusions 

These guidelines were  compi led  by a group of I C U  prac- 
t i t ioners f rom within the U K  with advice f rom investiga- 
tors in E u r o p e  and the Uni t ed  States. All cont r ibutors  
have knowledge  in the use of  inhaled N O  t h e r a p y  or 
represent  regula tory  authori t ies  (Table 1). The  guide- 
lines are designed to allow the safe use of this t he rapy  
outside clinical investigations in the adult  ICU  environ-  
ment  until randomised,  cont ro l led  trials have demon-  
s trated its safety and efficacy. It must  be r e m e m b e r e d  
that  there  are potent ia l  disadvantages in the use of  in- 
haled NO, which remains  an unlicensed the rapy  in the 
UK.  We hope  that  these guidelines will encourage  the 
deve lopment  of E u r o p e a n  and Nor th  Amer ican  consen-  
sus guidelines regarding inhaled N O  therapy  to  allow 
greater  s tandardisat ion for its use. 
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