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Combined nitric oxide 
inhalation, prone 
positioning and 
almitrine infusion 
improve oxygenation 
in severe ARDS 

Thierry GiUart MD, 
Jean E. Bazin MD, 
Bernard Cosserant MD, 
Dominique Guelon MD, 
Louis Aigouy MD, 
Odile Mansoor MD, 

Pierre Schoeffler MD 

Purpose: To determine the efficacy and side effects of prone positioning (PP) and nitric oxide (NO) inhalation, alone, 
associated, or combined with iv almitrine for the treatment of hypoxaemia in severe acute respiratory distress syn- 
drome (ARDS). 
Methods:  Over a period of 20 months, 27 consecutive critically ill patients with severe ARDS (Murray score > 2_'.5, 
PaO2/FiO 2 < 170 after alveolar recruitment) were prospectively and randomly included. They inhaled NO for two 
hours at concentrations of 5 and I 0 ppm for one hour each (H0-H2). One hour later, they were returned to the 
prone position for four hours (H3-H7). During the last two hours in this position (HS-H7), they were assigned to fur- 
ther inhalation of I0 ppm NO (Group B, n = 9) or to no further inhalation (Group A, n = 9). In group C (n = 9), 
the procedure for group B was combined with perfusion of 16 mg.kg -~.min-' almitrine throughout the study. 
Results: Compared with control values, two hours NO inhalation improves PaO2J~]O 2 and shunt effect by +28% 
and -9%, PP by +88% and -27%, PP + almitrine by +132% and -28%, NO + almitrine by +153 and -28%, PP 
+ NO by +94% and -29%, NO + PP + almitrine by. +327 and -48%. NO inhalation reduces pulmonary vascu- 
lar resistance. Other haemodynamic parameters remain unchanged, whatever the treatment. NO inhalation 
improves PaO2/FiO 2 by over 20% in 50% of the patients and PP is effective in 78% of the cases. 
Conclus ion:  Prone Position improves PaO2/FiO 2 significantly more than NO alone but less than PP+ almitrine or 
N O +  almitrine. The best results are obtained with the association of NO + Prone position + Almkrine. 

Objec t i f  : Appr&ier et comparer l'int&~t du d&ubitus ventral (DV), de l'inhalation de NO et de radministration 
continue d'almitrine, seuls ou en association, dans le traitement de l'hypox~mie au cours du syndrome de d&resse 
respiratoire aiguE (SDRA). 
M & h o d e  : Sur une p&iode de 20 mois, 27 patients hospitalis& en r~animation avec un SDRA grave (score de 
Murray >2,5, PaO2/FiO 2 < 170 awes recrutement alvEolaire) ont ~t~ indus prospectivement et de mani&e ran- 
domisEe, lls ont b~n~fici~ de l'inhalation de NO pendant 2 heures ~ la posologie de 5ppm pendant une heure puis 
10ppm (H0-H2). Apr~s une heure d'arr&, on les a retoum& 4 heures en d&ubitus ventral (H3-H7). De H5 ~ H7 
un groupe A (n = 9) ~tait trait~ par DV seul tandis que l'on ajoutait darts un groupe B (n = 9) l'inhalation de NO 
I0 ppm. Un troisi~me groupe C (n = 9) b6n~ficiait d'une perfusion continue d'almitrine (I 6 mg.kg -l 'min -I) associ& 

cette rn&ne s~quence th6rapeutique. 
R~sultats : Par rapport ~ H0, 2 heures de NO am~liorent le rapport PaO2/FiO 2 et diminuent le shunt de +28% et 
-9%, le DV de +88% et -27%, les assodations DV + almitrine de + 132% et -28%, NO + almitrine de + 153 et 
-28%, DV + NO de +94% et -29%, NO + PP + almitrine de +327 et -48%. l'inhalation de NO diminue les 
resistances vasculaires pulmonaires. Les autres param&res h~modynamiques restent inchang& quel que soit le traite- 
merit institu~. ILinhalation de NO am~liore le rapport PaO21FiO 2 de plus de 20% chez 50% des patients tandis 
qu'avec le m~me crit&e d'efficacit~, 78% des malades sont r6pondeur au DV. 
Conc lus ion  : Le DV s'av&e plus efficace que le NO seul pour ce qui est d'am~liorer le rapport PaO2/FiO2, mais 
moins que les associations DV + almitrine ou NO + almitrine. Les meilleurs r~sultats sont obtenus avec la trith~rapie 
DV + NO + almitrine. 
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F 
IRST described by Ashbaugh et  al. 30 yr ago, 1 
acute respiratory distress syndrome (ARDS) 
has frequently been the subject of physiologi- 
cal, therapeutic and even nosol'ogical discus- 

sion. 2 It is a major problem in critical care units, with a 
high morbidity rate varying from 40 to 70%. 3,4 Recent 
research has addressed flew methods of ventilation such 
as inverse ratio mechanical ventilation, high frequency 
ventilation, permissive hypercapnia, extracorporeal 
membrane gas exchange, use of perfluorocarbon, and 
controlled pressure ventilation. In addition, pharmaco- 
logical treatment, chiefly inhalation of nitric oxide (NO) 
which, since first used for ARDS in 1993 by Rossaint 
et  al . ,  s seems to have a very promising future. 6-9 At the 
same time, improved physiopathological understanding 
has made it possible to draw optimum benefit from 
older techniques such as positive end expiratory pressure 
(PEEP) or prone positioning which, unfortunately, has 
not been accepted as a routine form of treatment, pre- 
sumably due to problems encountered in nursing. None 
of the therapeutic innovations designed to enhance gas 
exchange has proved able, by itself, to improve survival. 
However, there is an improvement in mortality rates 
which should be attributed to better overall manage- 
ment and treatment combinations, the advantages of 
which need to be evaluated. 

The aim of this study was to compare the efficacy 
and side effects of  NO inhalation and prone position- 
ing, in patients with ARDS. We attempted to evaluate 
the advantages of  therapeutic combinations, by the 
concomitant addition of  continuous almitrine perfu- 
sion within the framework of two or three forms of  
treatment. 

Methods 
This study was approved by our Human Investigation 
Committee and written informed consent was obtained 
from each patient's next of kin. Over a period of 20 mo. 
from November 1994 to July 1996, we prospectively 
included all patients presenting with severe ARDS, 
whether this syndrome was the reason for their admis- 
sion to our intensive care unit, or a secondary compli- 
cation occuring after several days oi:hospitalisation. The 
severity criteria for inclusion were as follows: a Murray 
Lung Injury Score > 2.5 combined with a PaO2/FiO 2 
ratio < 170 after optimisation of the PEEP level. 
Exclusion criteria were major haemodynamic instability, 
pulmonary oedema due to heart failure and contraindi- 
cations to NO, almitfine or prone positioning such 
as methaemoglobinaemia, severe pulmonary arterial 
hypertension or unstable spinal injury. 

In addition to individually-adapted drug therapy such 
as antibiotic therapy, all patients were given midazolam 

and fentanyl sedation without systematic neuromuscular 
relaxation. Monitoring induded a thermodilution PA 
catheter (Opticath | Abbott, Mountain View, USA) and 
a radial artery catheter, and the lungs were ventilated in 
a pressure-regulated volume-controlled mode (PRVC, 
Siemens Servo 300 | Sweden) via oro- or nasotracheal 
intubation. After adequate fluid expansion, alveolar 
recruitment was performed up to a limit of+ 14 cm H20 
PEEP (by steps of 2 cm H20), and in accordance with 
PaO 2 improvement, the best PEEP level was maintained 
constant at least three hours before the begining of the 
study (H0) and throughout the duration of the protocol. 

Mean arterial pressure (MAP), mean pulmonary arte- 
rial pressure (MPAP), tight atrial pressure (RAP) and 
pulmonary artery occlusion pressure (PAOP) were mea- 
sured with a disposable quartz transducer connected to 
two calibrated pressure transducers (Monitoring Kit 
Transpac | Abbott) and a monitoring system (Hewlett 
Packard 66S). Cardiac output was measured using 
thermodilution techniques, with serial injections of 5 ml 
dextrose 5% solution at room temperature, performed at 
random during the respiratory cycle, and was expressed 
as the mean of four measurements excluding the most 
extreme. Pulmonary vascular resistance indexes (PVRI), 
cardiac index (CI) and pulmonary shunt (Qs /Qt ) ,  were 
calculated using standard formulas. Arterial and mixed 
venous blood samples were collected anaerobically and 
immediately analysed by measuring PaO2, PaCO2, pH, 
total haemoglobin, haemoglobin oxygen saturation, and 
methaemoglobin concentration, using standard blood 
gas electrodes and spectrophotometry (Blood Gas 
Analyser IL 1630 and Co-Oximeter 482 | Instrumen- 
tation Laboratory, Paris). 

Nitric oxide was administered continuously via the 
intake branch of the ventilator, after the humidifier, 
via a nitrogen flowmeter delivering flows in the range 
of  200-1500 ml.min-k It was supplied from nitrogen 
cylinders containing a concentration of 225 ppm 
(CFPO, Air liquide, France). Inspired gas was sampled 
continuously 40 cm downstream of the NO injection, 
for monitoring of NO concentrations by an electro- 
chemical measurement device (Polytrons | Draeger, 
Germany), and 80 cm downstream for monitoring by an 
O 2 analyser (Ultima | Datex, Helsinki, Finland), of the 
FiO 2 actually administered. This monitoring enabled 
allowance for the effect of dilution that followed the 
entry of NO together with nitrogen as vector, when cal- 
culating PaO2/FiO 2 ratios. The NO measurement appa- 
ratus was regularly calibrated using a nitric oxide tank 
with a reference nitrogen concentration. 

As regards the practical arrangements for the prone 
position sessions, at least four hospital staff members 
turned patients into this position. One attended to the 
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F I G U R E  1 Evolution of the PaOJFiO 2 ratio in groups A (n = 9), 
B (n = 9) and C (n = 9) between H0 and H7+12 (see legend of 
Table I for the treatment protocol). Groups A and B are pooled for 
the period H0-H3. 

P < 0.05 
Group C at H3 compared with group C at H0 
Group 
Group 
Group 
Group 
Group 
Group 
Group 
Group 

A + B at H1 and H2 compared with Group A § B at H0 
C at H1 and H2 compared with Group C at H0 
A + B at H2 compared with group C at H2 
A + B at H5 compared with group A + B at H0 and H3 
C at H5 compared with group C at H0 and H3 
A + B compared with group C at H + 5 
C at H7 compared with group C at H5 
A + B at H7 compared with group C at H7 

F I G U R E  2 Evolution of pulmonary shunt ( Q s / Q t )  in groups 
A (n ~ 9), B (n = 9) and C (n = 9) between H0 and H7+12. 
(see legend of Table I for the treatment protocol). Groups A and B 
are pooled for the period H0-H3. 

P < 0.05 
Group C at H3 compared with group '(2 at H0 
Group A + B at H1 and H2 compared with Group A + B at H0 
Group C at H1 and H2 compared with Group C at HO 
Group A + B compared with group C at H2 
Group A + B at H5 compared with group A + B at H0 
Group C at H5 compared with group C at H0 
Group A + B compared with group C at H + 5 

head and intubation probe. All patients had supports 
under the pelvis and shoulders. 

Twenty-seven patients were included in this study 
and were divided into three groups (A, B and C) using 
a randomisation table. They inhaled NO for two 
hours, at concentrations of  5 and 10 ppm for one hour 
each (H 0-1 and 1-2). Then, one hour after inhala- 
tion stopped, they were placed in the prone position 
for four hours (Hs 3-7). From hours five to seven, 
Group B (n = 9) again inhaled NO at 10 ppm, where- 
as Group A (n = 9) did not. For Group C (n = 9) the 
procedure was the same as for Group B, but in addi- 
tion, almitrine iv was perfused at 16 mg.kg-l.min -1 
from Hour  0 until Hour  7 + 12 (Table I). Vascular 
l o a d i n g  a n d  s y m p a t h o m i m e t i c  t r e a t m e n t s  w e r e  m a i n -  

tained constant after optimisation of  haemodynamic 
variables. Except for FiO2, ventilation parameters and 
their associated treatments were maintained constant 
throughout the procedure. Blood gas analysis and 
haemodynamic variables were recorded at H0, H1, 
H2, H3, H5, H7 as well as at four and twelve hours 
after returning to the supine position. 

Means were compared with Wilcoxon, Mann- 
Whitney, Friedman and KruskaU-Wallis non-parametric 
tests. A Spearman test was used to search for a 
correlation between PAP at H0 and improvement of  
PaO2/FiO 2 ratios with NO between H0 and H2. 
Percentages were compared with a Chi square test. A 
value of  P < 0.05 was considered significant. 

Results 
During the study, two patients exhibiting the criteria of 
disease severity, required for inclusion were excluded 
because ofhaemodynamic instability. Two of the patients 
included had skull injuries complicated by intracranial 
hypertension, which was monitored by an intra- 
parenchymal pressure transducer (Camino Laboratories, 
San Diego, Ca). No change in intracranial pressure was 
recorded in a (strictly) horizontal prone position. The 27 
patients studied had developed ARDS after primary 
bronchopneumopathy in 13 cases, multiple organ failure 
including peritonitis, pancreatitis, sepsis and mesenteric 
infarction in nine, pulmonary contusion in four and alve- 
olar haemorrhage caused by lupus in one case. For 26 
pa t ien t s ,  t h e  p r o t o c o l  was  c o m p l e t e d  w i t h  P E E P  m a i n -  

TABLE I Treatment protocol 

HO �9 H 2  H 3  H 5  H 7  H7+12 

Group A NO PP PP 
Group B NO PP PP + NO 
Group C NO + A A PP + A PP + NO+A A 

All patients inhaled NO 5 and 10 ppm for two hours. One hour 
later, they were placed in the prone position (PP) for four hours. 
Haemodynamic parameters and blood gases variables were measured 
at hours 0, 1, 2, 3, 5, 7, and at 4 and 12 hr after resumption of the 
supine position. Group B patients inhaled 10 ppm NO during the 
last 2 hours in the prone position. Group C patients were given the 
same treatment as those in Group B with, in addition, an almitrine 
(A) perfusion (16 mg-kg-t-minq). 
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TABLE I I  Patients characteristics 

Group A Group B Group C 
n = 9  n = 9  n = 9  

Age (yr) 52 • 16 54 • 18 59 • 11 

Weight (kg) 67 • 28 74 • 20 81 • 17 

Sex (M-F) 5 / 4  6 / 3  8 /1  

SAPS I 14 •  14 • 4 16 • 5 

Murray Score 2.8 • 0.2 2.9 • 0.3 2.9 • 0.3 

Aetiology of  ARF 

(Pneumonia- MOF- 

Pulm. cont.-Haemorrhage) 4 / 3 / 2 / 0  4 / 2 / 2 / 1  5 / 4 / 0 / 0  

Number of  Deaths (n) 6 5 6 

(mean • SD) 

ARF = acute respiratory failure; 
Pulm. cont. B pulmonary contusion; 
MOF = multiple organ failure; 
SAPS = Simplified Acute Physiologic Score. 

tained between 8 and 12 cmH20 , and for one patient in 
Group C, at 14 cmH20. Nineteen patients had intensive 
sympathomimetic treatment with epinephrine, norepi- 
nephrine or >10 /ag-kg-l.min -1 dopamine. The PRVC 
ventilation pressures always remained < 35 cm H20 and 
it was never necessary to use permissive hypercapnia. 
Seventeen patients died in the intensive care department. 
The percentages of deaths according to ARDS aetiology 
were 54% for primary bronchopneumopathy and 78% for 
multiple organ failure. 

Patients characteristics for each of the three groups 
are shown in Table II. The three groups were not 
different. 
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Effects of almitrine alone 
The effects of treatment with almitrine only were 
assessed at Hour 3 in group C. There was an improve- 
ment in the PaO2/FiO z and Q s / Q t  ratios compared 
with Hour 0 (respectively +80 and -27%, P < 0.05). 
On the other hand there were no changes in MPAP 
values although they tended to rise faster in group 
C than in groups A+B between Hours 2 and 3. The 
other haemodynamic variables remained stable.(see 
Table III). Among the patients who survived, none of 
those treated with almitrine presented any peripheral 
neuropathy 

Effects of NO inhalation alone or 
combined with almitrine 
The effects of NO inhalation alone were evaluated 
between H 0 and 2 in 18 patients, i.e., Groups A and B 
combined. Nitric oxide inhalation for one hour at a 
concentration of 5 ppm improved the PaO2/FiO 2 ratio 
by 28%, reduced the Q s / Q t  ratio by 9% and the PVR 
index by 25% (P < 0.05). After another hour of NO 
inhalation at 10 ppm, these parameters remained stable, 
at +25, -11 and -18% respectively, compared with H0. 
Nine patients were considered "non-responders" to 
NO because the PaO~/FiO 2 ratio improved by < 20%. 
At H3, there was a decrease in the PaO2/FiO 2 ratio 
(P< 0.05). 

Of these 18 patients, five exhibited pulmonary 
artery hypertension exceeding 30 mmHg at H0. No 
correlation was found between PVRI at H0 and the 
improvement of PaO2/FiO 2 ratios with NO between 
H0 and H2. 

TABLE I I I  Evolution of mean arterial pressure (MAP), heart rate (HR), cardiac index (CI), right atrial pressure (RAP) pulmonary artery 
occlusion pressure (PAOP) and mean pulmonary arterial pressure (MPAP) in groups A (n = 9), B (n = 9) and C (n = 9) between H0 and H7 
(mean • SD). 

HO H1 H2 t"13 t"15 1-17 

A 90 • 24 
MAP B 7 6 •  15 

(mmHg)  C 87 • 7 
A 101 • 24 

H R  B 116 • 25 
(bpm) C 99 • 22 

A 4.5 • 1.1 
CI B 4.7 • 2.2 

(L.min.m -2) C 4.1 • 1.8 
A 7 •  

RAP B 5 . 2 + 3  
(mmHg)  C 8 • 1.8 

A 10.5 • 3.8 
PAOP B 12 • 7 

(mmHg)  C 13.3 • 6.1 
A 27 • 10 

MPAP B 26 • 7 
(mmHg)  C 32 • 9 

90 • 16 87 + 18 86 a 14 88 + 19 92 • 20 
8 1 •  7 9 •  8 4 + 1 5  8 8 + 1 4  8 5 + 1 5  
86 • 17 77  • 7 72  • 13 78 • 17 82 • 12 

105 + 33 100 • 25 101 • 26 102 -. 27 100 -- 24 
112 • 24 103 • 24 100 • 24 108 • 30 113 • 30 
92 • 14 99 • 16 101 • 15 98 • 19 97 • 17 
4.7 • 1 5.2 • 1.5 5.4 • 1.2 5.2 • 0.9 5.4 • 1.3 

4.9 • 1.8 4.5 • 1.6 4 • 1.9 4 • 1.4 4.2 • 1.6 
4.2 • 1.7 4.5 • 1.5 4.8 • 2.1 4.7 • 2.2 5.2 • 2.2 
7 • 3.5 9.3 • 4.2 10 • 4.8 9.6 • 5.3 9.3 • 4.6 
6 •  6 •  7 •  8 . 6 •  9 . 5 •  

8 • 1.7 7.5 • 3.2 6.7 • 2.2 9.5 • 3.4 8.6 • 2.2 
12.5 • 4.3 13.2 • 3.2 14.6 • 5 14 • 5.5 13.2 • 4.4 
10.3 • 3.5 9.8 • 5 12.3 • 6 11 • 4.4 11 • 3.4 
14.2 • 8.5 16.8 • 8.5 15 • 8.2 17 • 7.9 15.5 • 6 

24 • 4 26 • 5 28 • 8 29 • 9 28 • 9 
23 • 7 24 • 5 26 • 7 28 • 8 26 • 7 
31 • 8 29 • 6 33• 35 • 7 32 • 6 
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The effects of combined treatment with NO and 
almitrine were evaluated in the nine group C patients at 
H2. In this group, the PaO2/FiO 2 ratio was improved 
by 153% and the Q s / Q t  ratio diminished by 28% 
(P < 0.05). Comparison of groups A+B and C showed 
that there was a greater improvement in oxygenation 
and in the Q s / Q t  ratio when NO and almitrine treat- 
ment were combined than when NO was used alone 
(P < 0.05). Whether or not NO inhalation was combined 
with alrnitrine, it did not modify general haemodynarnics, 
i.e., heart rate, MAP and CI, or give rise to any manifes- 
tation of excess administration of NO, as assessed from 
measurement of the expired NO 2 fraction which never 
exceeded 0.3 ppm, or methaemoglobin, concentration 
always <1%. 

Effects of Prone Positioning alone or 
combined with almitrine 
In all three groups, the first two hours in the prone 
position improved the PaOjF iO 2 ratio. At H5, this 
ratio improved in groups A and B combined by 88% 
compared with H0, and by 79% compared with H3 
(P < 0.05). At these times, there were concomitant 
reductions in the Q s / Q t  ratio of 25 and 15% respec- 
tively, which were only significant compared with H0 
(P < 0.05). All haemodynamic parameters remained 
stable. Fourteen patients displayed improvement of 
> 20% in PaO2/FiO 2 ratio and were considered as 
"Prone position responders." The prone position, 
improved the PaO2/FiO 2 ratio by 92% in the nine 
patients which were considered "non-responders" to 
NO. Only two patients responded to neither of these 
two treatments. 

After return to the supine position, there was a grad- 
ual decline in the oxygenation variables, with a return at 
H7 +12 to the levels measured at H0. Individual assess- 
ments showed that PaO2/FiO 2 ratio after four hours 
remained 20% higher than at H0 in 12 patients. Six 
patients exhibited fast degradation of this ratio. 

The effect of combining prone positioning with 
almitrine administration was evaluated in Group C. At 
HS, the PaOJF iO  2 ratio improved by 132% com- 
pared with H0, but only by 53% (P < 0.05) compared 
with H3, due to the effects of almitrine alone at this 
time. At H5, the Q s / Q t  ratio was 28% lower than at 
H0 (P < 0.05) and remained stable in relation to its 
H3 level. At H5, the PaOJF iO  2 ratio in group A+B 
differed from the Group C ratio (P < 0.05). Prone 
positioning did not change any of the haemodynamic 
variables. 

As regards specific complications resulting from 
prone positioning, one patient experienced sudden 
obstruction of the endotracheal tube which necessitat- 
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ed immediate supine positioning for emergency rein- 
tubation. Facial oedema was common, but regressed 
after a few hours in the supine position. 

Combined effects of NO inhalation and 
prone positioning 
The effects of combining NO and prone positioning 
were appreciated by comparing the the values measured 
at H7 in Groups A and B, i.e., in two unpaired popula- 
tions of nine patients each. In Group A, two extra hours 
in the prone position did not, lead to any additional 
increase in oxygenation or change in Q s / Q t  ratio in 
relation to that already obtained between H3 and 5. In 
Group B, the PaOJFiO 2 ratio improved slighly by 17%. 
The haemodynamic parameters remained unchanged. 

Combined effects of NO inhalation, prone positioning 
and almitrine 
The effects of combining NO inhalation, prone posi- 
tioning and almitrine treatment were assessed in Group 
C : at H7, the PaOJFiO 2 and Q s / Q t  ratios respec- 
tively improved by +84 and -15% compared with H5. 
The improvement in PaO2/FiO 2 only was significant. 
The other haemodynamic variables were unchanged. 
One patient who displayed no improvement died before 
H24, of extensive bilateral pneumopathy. 

Discussion 
All symptomatic treatments tested improved arterial 
oxygenation during severe ARDS. They differed sig- 
nificantly and can be classified in increasing order of 
effectiveness: NO < almitrine or PP < NO + almitrine 
or PP + almitrine < NO + almitrine + PP. 

The main inclusion criteria were more selective than 
in many similar studies as we chose a PaOJFiO 2 ratio 
< 170 for a PEEP level of ~ 8 cm H20. The shortest pos- 
sible periods of exposure were chosen so that sponta- 
neous evolution of the disease would hamper evaluation 
of treatment effectiveness as little as possible. Thus, the 
effects of two hours of NO inhalation were compared 
with those of two hours in the prone position, because, 
depending on the authors, the optimal effects of these 
two treatments are respectively obtained after 8 to 12 
min 1~ and after 60 to 120 min. H The order of treatment 
administration was determined by the absence of any 
residual effect 30 min after the end of NO inhalation. 12 
As regards the dose of NO, we chose not to exceed 
10 ppm because, although some investigations found 
it advantageous to use higher proportions for septic 
patients, is most authors have reported a dose- 
dependent effect for up to 2 to 10 ppm but no benefit 
beyond this. 14,Is Almitrine was administered at the dose 
advocated for this treatment at the time this study start- 
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ed. We administered it thoughout the protocol, due to 
its long half-life. 16 In accordance with previous studies, 17 
a 20% improvement of PaO2/FiO z ratio was chosen to 
define those patients who responded well to a treatment. 

Nitric oxide inhalation reduces pulmonary artery 
pressure and improves oxygenation by reducing right- 
to-left shunt, due to selective vasodilatation of the pul- 
monary vessels located in ventilated lung areas. In our 
series, the overall improvement in oxygenation was 
small, compared with the 30 to 50% reported in some 
studies, x8 It should be stressed that, unlike many other 
authors, we did not select the "good responders." The 
percentage of good responders we found is close to 
that generally reported. 6,~4 The absence of any effect 
on general haemodynamics with this mode of admin- 
istration is explained by the rapidmetabolism of NO 
which combines with haemoglobin. The presence of 
severe PA hypertension has been reported by some 
authors to be a predictive factor of especially marked 
sensitivity to NO. 19 The lack of correlation between 
initial PAP and the efficacy of NO in our patients can 
be explained by the fact that, overall, the population 
did not present any major PA hypertension at the time 
of inclusion. For the 18 patients in groups A+B, 
MPAP was 26 • 8 mmHg at H 0, whereas it was 35 • 
2 mmHg in the patients from the study by Rossaint 
e t  al .  who exhibited an 83% response rate. 6 

Almitrine, a respiratory analeptic, can also reduce the 
shunt by increasing hypoxic pulmonary vasoconstric- 
tion in poorly ventilated areas. 2~ At H 3 it had as great 
an action on oxygenation as that of prone positioning. 
The improvement obtained at H 7 + 4 and H 7 + 12, 
was not retained because this could be attributed in part 
to the residual effects of prone positioning. We found 
no rise in MPAP in group C at H 3 or H 5 in associa- 
tion with the prone position. However, it is difficult to 
individualise the effect of this treatment in itself and the 
consequences of improved hypoxia for the smooth 
muscle vasculature. Nor did we find any systemic 
haemodynamic changes. This is often the case as report- 
ed in the literature, apart from some studies reporting a 
rise in heart rate and cardiac output. 2~ 

The increase of 153% in the PaO2/FiO 2 ratio strong- 
ly favoured the combination of almitrine with NO 
inhalation. The synergistic effect of these treatments on 
the improvement of oxygenation has already been the 
subject of several investigations. 22~s Using the same 
doses of almitrine, Lu e t  al. 24 found, in a similar popu- 
lation, an improvement of 150% in the PaO2/FiO 2 
ratio after one hour of exposure to 1.5 ppm of NO. 
Law-Koune e t  al.  2s showed that when this happened, 
pulmonary vascular resistance remained unchanged. 

The evolution we observed in PaO2/FiO 2 ratio with 

the prone position was consistent with most results 
published which report a 50 to 100% improvement in 
oxygenation by one hour that is not sustained, ll,s~ an 
absence of haemodynamic repercussion, almost con- 
stant effectiveness, and a beneficial duration in one of 
two cases for several hours after terminating prone posi- 
tioning. As Dubois e t  al. s2 we distinguished a category 
of patient described as prone position-dependent, who 
exhibited fast impairment of blood gas parameters after 
renaming to the supine position. Turning patients 
from the supine to the prone position improves the 
PaO2/TiO 2 ratio by generating transpulmonary pres- 
sure sufficient to exceed airway opening pressure in 
dorsal lung regions where atelectasis, shunt and ventila- 
tion perfusion heterogeneity are most severe. 26 In obese 
patients, during general anaesthesia, it increases func- 
tional residual capacity and lung compliance without 
changing total respiratory system compliance and resis- 
tance. 27 Regional perfusion becomes more uniform due 
to redistribution along gravitational gradient toward 
better ventilated areas. If chest and pelvic supports are 
used, prone positioning improves diaphragm kinetics by 
Causing an unloading of the abdominal viscera 28 with- 
out adversely affecting ventral lung regions. Finally, a 
major part of its action is explained by the bronchial 
secretions draining effect. This improvement was con- 
firmed by CT scan, which disclosed a decrease of 30 to 
50% in the number of pulmonary segments with large 
infiltrates. This decrease persisted for several hours after 
the return to the supine position. 29,s~ Prone positioning 
and almitrine exerted a potentiation, which was not 
found to be significant with the association of NO 
inhalation + prone positioning. 

The best results were recorded with triple therapy of 
NO inhalation, prone positioning and almitrine. This 
association had no deleterious haemodynamic effects. 
This can probably be explained by the complementary 
nature of the modes of action of each of these treat- 
ments. The increase in perfusion of well-ventilated lung 
areas due to the action of NO and the accentuation of 
hypoxic pulmonary vasoconstriction by almitrine make 
it possible to improve the ventilation/perfusion ratios, 
while the main effect of the prone position is to elimi- 
nate some posterior atelectasis. 

These results provide the basis for therapeutic rec- 
ommendations. The addition of almitrine improves 
the effectiveness of NO inhalation, and it seems advis- 
able to combine the two for a short period. After a few 
days, one cannot eliminate the risk of neuropathy as a 
reaction to almitrine. Prone positionning is a good 
alternative which is effective in nearly 80% of cases and 
may prove indispensable for certain patients who do 
not respond to NO. Unfortunately, for trophic rea- 
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sons, it is a discontinuous form of  treatment. Patients 
with the most  severe lesions may benefit from a com- 
bination o f  the three treatments in order to limit the 
toxic effects o f  a high FiO 2 or PEEP level. 

References  
1 Ashbaugh DG, Bigelow DB, Petty TL, Levine BE. Acute 

respiratory distress in adults. Lancet 1967; 2: 319-23. 
2 Petty TL. Acute respiratory distress syndrome: consensus, 

definitions, and future directions (Editorial). Crit Care 
Med 1996; 24: 555-6. 

3 DiRusso SM, Nehon LD, Safcsak K, Miller RS. Survival 
in patients with severe adult respiratory distress syndrome 
treated with high-level positive end-expiratory pressure. 
Crit Care Med 1995; 23: 1485-96. 

4 Vasilyev S, Schaap R2V, Mortensen JD. Hospital survival 
rates of patients with acute respiratory failure in mod- 
ern respiratory intensive care units. Chest 1995; 107: 
1083-8. 

5 Rossaint R, Falke KJ, I_~pez F, Slama K, Pison U, 
Zapol WM. Inhaled nitric oxide for the adult respiratory 
distress syndrome. N Eng J Med 1993; 328: 399-405. 

6 Rossaint R, Gerlach H, Schmidt-Ruhnke I-I, et al. 
Efficacy of inhaled nitric oxide in patients with severe 
ARDS. Chest 1995; 107: 1107-15. 

7 YoungJD, Brampton WJ, Knighton JD, Finfer SR. 
Inhaled nitric oxide in acute respiratory failure in adults. 
Br J Anaesth 1994; 73: 499-502. 

8 Hurford WE. Inhaled nitric oxide therapy. Curr Opin 
Anaesthesiol 1996; 9: 117-26. 

9 Mizutani T, Layon AJ. Clinical applications of nitric 
oxide. Chest 1996; 110: 506-24. 

10 Gerlach H, Rossaint R, Pappert 19, Falke KJ. Time-course 
and dose-response of nitric oxide inhalation for systemic 
oxygenation and pulmonary hypertension in patients 
with adult respiratory distress syndrome. Eur J Clin Invest 
1993; 23: 499-502. 

11 Tubers V~ Mansoor O~ Guelon D~ Schoeffler P. Prone 
position in acute respiratory failure: a prospective 
study. Anesthesiology 1994; 81: A1421. 

12 Bigatello LM, Hurford WE, Kacmarek RM, Roberts JD Jr, 
Zapol WM. Prolonged inhalation of low concentrations 
of nitric oxide in patients with severe adult respiratory 
distress syndrome. Effects on pulmonary hemodynamics 
and oxygenation. Anesthesiology 1994; 80: 761-70. 

13 Mourgeon E, Law-KouneJD, Lu ~ et al. Inhaled NO 
in ARDS with and without septic shock: dose-response 
curves. Br J Anaesth 1995, 74: A409. 

14 Lowson SM, Rich GF, Mc Ardle PA, Jaidev J, Morris 
GN. The response to varying concentrations of inhaled 
nitric oxide in patients with acute respiratory distress 
syndrome. Anesth Analg 1996; 82: 574-81. 

15 Puybasset L, Rouby JJ, Mourgeon E, et al. Inhaled nitric 
oxide in acute respiratory failure: dose-response curves. 
Intensive Care Med 1994; 20: 319-27. 

16 Winkelmann BR, Herrrich F, Trenk D, Jeanniot JP, 
AnsquerJC. Pharmacokinetics and pharmacodynamics 
of almitrine in man following single and repeated 
administration. Eur Resp J 1988; $1: 148s. 

17 Roupie E, Wysocki M, Langeron O, et al. Effects of 
inhaled nitric oxide on oxygenation and hemodynamic 
parameters in the acute respiratory distress syndrome 
(ARDS). Responders versus non-responders? (French) 
R~an Urg 1994; 1: 671. 

18 Mira JP, Monchi M, Brunet F, Fierobe L, Dhainaut JF, 
Dinh-Xuan AT. Lack of efficacy of inhaled nitric oxide 
in ARDS. Intensive Care Med 1994; 20: 532. 

19 Puybasset Io Rouby J-J, Mourgeon E, et al. Factors influ- 
encing cardiopulmonary effects of inhaled nitric oxide 
in acute respiratory failure. Am J Respir Crit Care Med 
1995; 152: 318-28. 

20 Reyes A, Roca J, Rodriguez-Roisin R, Torres A, Ussetti P, 
Wagner P. Effect of almitrine on venfilation-perfusion 
distribution in adult respiratory distress syndrome. Am 
Rev Respir Dis 1988; 137: 1062-7. 

21 Reyes A, L@ez-Messa JB, Alonso P. Almitrine in acute 
respiratory failure. Effects on pulmonary gas exchange 
and circulation. Chest 1987; 91: 388-93. 

22 Payen D, Gatecel C, Plaisance P. Almitrine effect on 
nitric oxide inhalation in adult respiratory distress 
syndrome. Lancet 1993; 341: 1664. 

23 Wysocki M, Delclaux C, Roupie E, et al. Additive effect 
on gas exchange of inhaled nitric oxide and intravenous 
almitrine bismesylate in the adult respiratory distress 
syndrome. Intensive Care Med 1994; 20: 254-9. 

24 Lu ~ Mourgeon E, Law-KouneJD, et al. Dose- 
response curves of inhaled nitric oxide with and with- 
out intravenous almitrine in nitric oxide-responding 
patients with acute respiratory distress syndrome. 
Anesthesiology 1995; 83: 929-43. 

25 Law-Koune JD, Roche S, Mourgeon E, et al. Increasing 
concentrations of inhaled NO in combination with 
almitrine in patients with ARDS. Am J Respir Clin 
Care Med 1995; 151: A76. 

26 Albert RK, Leasa D, Sanderson M, Robertson I-IT, 
Hlastala MP. The prone position improves arterial oxy- 
genation and reduces shunt in oleic-acid-induced acute 
lung injury. Am Rev Respir Dis 1987; 135: 628-33. 

27 Pelosi P, Croci M, Calappi E, et al. Prone positioning 
improves pulmonary function in obese patients during 
general anesthesia. Anesth Analg 1996; 83: 578-83. 

28 Krayer S, Rehder K, Vettermann J, Didier EP, Ritman 
EL. Position and motion of the human diaphragm 
during anesthesia-paralysis. Anesthesiology 1989; 70: 
891-8. 



GiUart et al.: OXYGENATION IN AKDS 409 

29 Priolet B, Tempelhoff G, Millet J, et al . Mechanical ven- 
tilation in prone position: computerized tomographic 
evaluation of its efficacity for treatment of pulmonary 
condensations. (French) R~an Urg 1993; 2: 81-5. 

30 Gartinoni L, Pelosi P, Vitale G, Pesenri A, D'Andrea Io 
Maseheroni D. Body position changes redistribute lung 
computed tomographic density in patients with acute 
respiratory failure. Anesthesiology 1991; 71: 15-23. 

31 Charge G, Sab J-M, Dubois J-M, Sirodot M, Gaussorgues 
P, Robert D. Prone position in mechanically ventilated 
patients with severe acute respiratory failure. Am J 
Respir Crit Care Med 1997; 155: 473-8. 

32 Dubois JM, Gaussorgues P, Sirodot M, et al. Prone posi- 
tion dependency in severely hypoxic patients. Int Care 
Med 1992; 18: $43. 


