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ABSTRACT: The combination of inhaled nitric oxide with almitrine bismesylate has
been proposed for the management of acute respiratory distress syndrome in order to
divert pulmonary blood flow away from poorly ventilated toward well-ventilated
areas. The aims of this prospective and comparative study were to: 1) confirm the
beneficial effects on oxygenation of this association; 2) evaluate the haemodynamic
effects of this association; and 3) evaluate the influence of noradrenaline (a nonspecific
vasoconstrictor) on the modification of gas exchange related to inhaled NO and/or
almitrine bismesylate.

Forty-one sedated paralysed and ventilated patients were investigated. Haemody-
namic and blood gas measurements were performed in a fixed order: baseline;
inhalation of NO for 30 min.; intravenous infusion of almitrine bismesylate; and
concomitant administration of inhaled NO and almitrine bismesylate.

Inhaled NO and almitrine bismesylate increased arterial oxygen tension (Pa,O2)/
inspiratory oxygen fraction (FI,O2) (p<0.001). The association of inhaled NO with
almitrine bismesylate resulted in a dramatic improvement in Pa,O2/FI,O2 (p<0.0001
versus almitrine bismesylate, p<0.05 versus inhaled NO). In patients receiving
noradrenalin (n=19), almitrine bismesylate had no effect on oxygenation.

The present study confirmed that the combination of inhaled NO with almitrine
bismesylate improved oxygenation, and demonstrated that almitrine bismesylate has
no effect on oxygenation in patients receiving noradrenalin.
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Despite the use of new therapeutic agents, acute respira-
tory distress syndrome (ARDS)-related mortality remains
high [1, 2]. Inhaled nitric oxide has been widely used
since the beginning of the 1990s but recent studies have
been unable to demonstrate a significant decrease in mor-
tality related to its use [3, 4]. Certain methodological
considerations could possibly explain, in part, this lack of
positive impact on outcome. However, it could be useful
to find some therapeutic associations that would enhance
the beneficial effects of inhaled NO on oxygenation. It
has been found that the association of the prone position
with inhaled NO can enhance arterial oxygen tension
Pa,O2 [5]. A pharmacological approach consisting of di-
verting pulmonary blood flow away from poorly-ven-
tilated toward well-ventilated areas in which inhaled NO
can exert its vasodilating action would appear to be att-
ractive. Several vasoactive agents have been proposed,
i.e. the use of a systemic and pulmonary vasoconstrictor
(phenylephrine) [6] or the use of a specific pulmonary va-
soconstrictor (almitrine bismesylate) [7, 8]. Noradrenalin
(NA) is extensively used in the intensive care unit (ICU)
[9], especially in septic shock, which is frequently asso-
ciated with ARDS. Therefore, the aims of this prospective

study were to: 1) confirm the beneficial effects on oxy-
genation of the association of inhaled NO with almitrine
bismesylate; 2) evaluate the haemodynamic effects of this
association with special emphasis on right ventricular
function; and 3) evaluate the influence of NA (a nonspe-
cific vasoconstrictor) on the modification of gas exchange
related to inhaled NO and/or almitrine bismesylate.

Materials and methods

Patients

During a 24-month period, 41 patients (mean�SD age
55�17 yrs) with ARDS (mean Lung Injury Score 3.05�
0.4) diagnosed on or after admission to the medicosurgical
ICU of Sainte-Marguerite University Hospital in Marseille,
France were prospectively investigated early in the course
of their ARDS (<4 days) after written informed consent
was obtained from each patient's next of kin. The study
was approved by the ComiteÂ Consultatif de Protection des
Personnes dans la Recherche BiomeÂdicale of Marseille
and supported by l'Assistance Publique HoÃpitaux de Mar-
seille. ARDS was defined according to the recommenda-
tions of the American-European Consensus Conference
[10]. Among the 41 patients enrolled in the study, 12 were
admitted to the ICU after multiple trauma, nine withFor editorial comments see page 1244
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postoperative complications following major surgery and
20 for an acute medical illness. ARDS was related to nos-
ocomial bronchopneumonia (14 patients), lung contusion
(nine patients), community-acquired pneumonia (six pati-
ents), aspiration pneumonia (five patients), peritonitis (four
patients) or acute pancreatitis (three patients). On admis-
sion, the mean Simplified Acute Physiology Score (SAPS)
II was 41�18. All patients were sedated and paralysed with
a continuous infusion of sufentanil, midazolam and vecuro-
nium bromide, and lungs wereventilated using convention-
al volume-controlled mechanical ventilation (Mallinckrodt
Puritan Bennett 7200 series; Mallinckrodt Puritan Bennett
Carlsbad, CA, USA). Respiratory parameters at the time
of inclusion in the study were as follows: exhaled tidal vol-
ume 509�89 mL; respiratory frequency 22�4 cycles.min-1;
positive end-expiratory pressure (PEEP) 11�2 cmH2O;
inspiratory oxygen fraction (FI,O2) 0.75�0.16; and peak
inspiratory pressure 33�6 cmH2O. The duration of mech-
anical ventilation preceding the study was 5�4 days. All
of the patients had been stable (respiratory status and
haemodynamic condition) for $6 h preceding inclusion.
For each patient, tidal volume and respiratory frequency
were adjusted to maintain minute ventilation constant
throughout the study period. The level of PEEP was main-
tained constant throughout the study period. In order to
detect changes in FI,O2 induced by inhalation of NO, FI,O2

was monitored continuously using an oxygen analyser
(NOX 4000; SeÂreÁs, Aix-en-Provence, France) and subse-
quently adjusted in order to keep FI,O2 constant through-
out the study period. Nineteen of the 41 patients received
NA (mean 0.60�0.62 mg.kg-1.min-1; range, 0.03±2.09
mg.kg-1) for septic shock [11] with systolic arterial pres-
sure <90 mmHg despite fluid expansion. Eleven of the 22
patients who did not receive NA presented with sepsis
[11] at the time of the study. The mortality of the entire
population included in the study was 51%. The char-
acteristics of the patients receiving or not receiving NA
are summarized in table 1. No major difference was obs-
erved between the two groups on inclusion.

Measurements

All patients had a radial artery catheter (Seldicath; Plas-
timed, Saint Leu la Foret, France) and a pulmonary artery
catheter equipped with a fast-response thermistor (model
93 A-434H-7.5F; Baxter Healthcare Corporation, Irvine,
CA, USA), which was inserted percutaneously through
the right jugular or the left axillary vein and positioned so
that the distal port was in the pulmonary artery and the
proximal port in the right atrium, just above the tricuspid
valve. Systolic arterial pressure, diastolic arterial pressure,
systolic pulmonary arterial pressure, diastolic pulmonary
arterial pressure, pulmonary artery occlusion pressure
(PAOP) and right atrial pressure (RAP) were measured at
endexpiration. The supine zero reference level was the
midaxilla. Right ventricular end-diastolic (RVEDVI) and
end-systolic volume index (RVESVI) were calculated from
the right ventricular ejection fraction (RVEF) and the
stroke volume. RVEF and cardiac output were measured
by means of thermodilution using three boluses of 10 mL
glucose solution at 6±108C, injected via a closed system
(Co-set; Baxter Healthcare Corporation) at end inspiration
to improve the reproducibility of the measurement and also
to minimize the influence of changes in intrathoracic
pressure on RVEF. Injection temperature was measured
using a thermistor located at the proximal port of the right
atrial lumen. The mean of three measurements is reported.
RVEF was evaluated using an algorithm based on an expo-
nential curve analysis using a computer (Edwards Cardiac
Output computer REF-1; Baxter Healthcare Corporation)
as previously described and validated [12]. Patients with
cardiac dysrythmias were not included. Cardiac index
(CI), oxygen delivery index (DO2I), oxygen consumption
index, oxygen extraction ratio, right and left ventricular
stroke work index, venous admixture (Qva/Qt) and syste-
mic (SVRI) and pulmonary vascular resistances index
(PVRI) were calculated using standard formulae. Syste-
mic and pulmonary arterial blood samples were simul-
taneously withdrawn within 3 min of measurement of
cardiac output. Arterial pH, Pa,O2, venous oxygen tension
(Pv,O2), and arterial carbon dioxide tension (Pa,CO2) were
measured using a blood gas analyser (278-blood gas sys-
tem; Ciba Corning, Medfield, MA, USA). Haemoglobin
concentration, arterial (Sa,O2) and mixed venous oxygen
saturations (Sv,O2) and methaemoglobin levels were mea-
sured using a calibrated haemoximeter (270-CO-oxyme-
ter; Ciba Corning). The following respiratory parameters
were recorded: exhaled tidal volume, peak inspiratory
pressure, mean inspiratory pressure and respiratory fre-
quency. Respiratory dynamic compliance was calculated
as tidal volume/(peak inspiratory pressure - PEEP). Vaso-
active agents and fluid administration rates remained
constant throughout the study.

Nitric oxide administration

NO was released from a tank containing NO in nitrogen
at a concentration of 450 parts per million (ppm) (Air Li-
quide, Meudon, France) and was delivered continuously
within the inspiratory limb of the ventilator just after the
humidifier via a flowmeter delivering flows within the range
1±999 mL.min-1 (Air Liquide). Intratracheal gas was sam-
pled using continuous aspiration through the endotracheal
tube (aspirative flow 1 L.min-1), permitting inspiratory,

Table 1. ± Characteristics of the patients receiving or not
receiving noradrenalin (NA)

No NA NA p-value

Patients n 22 19
SAPS II on admission 36.5�16.5 46.6�18.4 0.07
APACHE III on admission 65.1�26.5 88.2�31.3 0.01
Lung Injury Score* 3.03�0.40 3.08�0.31 NS

Age yrs 51.9�18.5 58.7�14.8 NS

Minute ventilation L.min-1* 11.1�2.4 10.9�1.9 NS

Tidal volume mL* 502�106 517�67 NS

Respiratory frequency
cycles.min-1* 22.4�4.1 21.3�3.6 NS

PEEP cmH2O* 11.0�2.0 11.0�1.5 NS

FI,O2 0.73�0.15 0.77�0.16 NS

Pa,O2/FI,O2 mmHg* 83.3�33.4 84.9�45.6 NS

Peak inspiratory
pressure cmH2O* 32.6�6.2 33.0�6.1 NS

Mortality % 45 63 NS

Data are presented as mean�SD. SAPS II: Simplified Active
Physiology Score II; APACHE III: Acute Physiology and
Chronic Health Evaluation III; PEEP: positive end-expiratory
pressure; FI,O2: inspiratory oxygen fraction; Pa,O2: arterial oxy-
gen tension. (1 mmHg=0.133 kPa.)
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expiratory and mean concentrations of NO and nitrogen
dioxide to be continuously determined using a chemilumi-
nescence apparatus (NOX 4000; Seres, Aix-en-Provence,
France). The flowmeter was set to reach the desired in-
spiratory tracheal concentration.

Protocol

The duration of the study was ~3 h for each patient. The
protocol consisted of four consecutive phases, performed
in the two groups (19 patients receiving NA and 22 pa-
tients not receiving NA). Haemodynamic and blood gas
measurements were performed in a fixed order: baseline
after 1 h of steady-state conventional mechanical ventila-
tion; after inhalation of 10 ppm NO for 30 min; after 30
min of constant intravenous infusion of almitrine bis-
mesylate (Vectarion1, EutheÂrapie, Neuilly, France) (16
mg.kg-1.min-1); and after 2 h of concomitant administration
of inhaled 10 ppm NO and constant intravenous infusion
of almitrine bismesylate (5 mg.kg-1.min-1). It was decided
not to randomize the sequence of therapeutic interventions
because of the prolonged half-life of almitrine bismesylate
[13].

Statistical methods

All the statistical analyses were performed by an ex-
perienced statistician (X. Thirion). Data are expressed as
mean�SD). Statistical calculations were performed using
the SPSS 8.0 package (SPSS, Inc., Chicago, IL, USA). Sta-
tistically significant differences were analysed by means
of parametric (general factorial analysis of variance) or
nonparametric (Friedman multiple comparison test) tests as
required. For intragroup changes, the Friedman test or
Dunnett's t-test for multiple comparisons was applied to
compare the various time points with control values. When
normal distribution was present, comparison between two

times (or two groups) was performed by means of Stu-
dent's t-test for paired samples or the Mann-Whitney U-test
in the case of nonparametric data. A patient was considered
as a responder to NO inhalation and/or almitrine bisme-
sylate when an increase in Pa,O2/FI,O2 ratio of $20% was
observed compared with baseline. Differences in the num-
ber of responders were analysed using Fisher's exact test.
A p-value <0.05 indicated significance.

Results

Effects of inhaled nitric oxide and almitrine bismesylate
on haemodynamic parameters

Although inhaled NO and almitrine bismesylate resulted
in significant but opposed effects on mean pulmonary
artery pressure (MPAP), PVRI and RVEF, no significant
interaction was found (table 2). Except for an increase in
cardiac frequency and CI under almitrine bismesylate, the
other haemodynamic parameters were not or only mar-
ginally affected by both treatments (table 2).

Effects of inhaled nitric oxide and almitrine bismesylate
on gas exchange

Although the effects of inhaled NO and almitrine bis-
mesylate were moderate on Pa,CO2 (table 2), oxygenation
was considerably modified by these two treatments
(p<0.001). As presented in figure 1, Pa,O2/FI,O2 increased
from a median of 9.7 kPa (73 mmHg) (range 5.5±23.8
kPa (41±179 mmHg)) at baseline to a median of 11.6 kPa
(87 mmHg) (range 5.9±57.2 kPa (44±430 mmHg)) when
the patients received inhaled NO (p<0.0001). The in-
crease in Pa,O2/FI,O2 was also significant under almitrine
bismesylate (median 12.0 kPa (90 mmHg), range 5.5±43.2
kPa (41±325 mmHg), p<0.05 versus baseline). Friedman
analysis showed that inhaled NO induced greater im-
provement in oxygenation than did almitrine bismesylate

Table 2. ± Haemodynamic and respiratory changes induced by nitric oxide and almitrine bismesylate

Measurement ANOVA

Baseline NO
10 ppm

Almitrine
16 mg.kg-1.min-1

Almitrine
5 mg.kg-1.min-1

and NO 10 ppm

NO Almitrine NO+
almitrine

Pa,CO2 mmHg 44�9 43�9+ 45�9 44�9 0.004 0.007 NS

Sv,O2 % 72�7 76�7{ 74�8 76�8{ 0.0001 NS NS

MPAP mmHg 29�7 26�7{ 32�8{ 29�7 0.0001 0.0001 NS

CI L.min-1.m-2 4.0�1.3 4.1�1.3 4.3�1.5 4.3�1.6+
NS 0.001 NS

RVEF % 38�8 39�7 35�8 38�8 0.05 0.002 NS

fC beats.min-1 96�21 94�18 103�21# 99�21 NS 0.0001 NS

PAOP mmHg 12.8�4.4 12�4.7 13.6�5.3 13�5 NS NS NS

RAP mmHg 8�4 7.4�3.9 8.4�3.9 8�3.4 NS NS NS

PVRI dynes.s.cm-5.m2 421�205 357�146# 454�231 408�234 0.0001 0.002 NS

Qva/Qt % 41�12 38�14 41�13 35�14{ 0.0001 NS NS

RVEDVI mL.m-2 112�24 113�28 120�34 116�27 NS 0.05 NS

RVESVI mL.m-2 69�20 70�21 78�24# 73�21 NS 0.001 NS

DO2I mL.min-1.m-2 504�153 523�161 491�173 561�196{ 0.0001 NS 0.007

Data are presented as mean�SD. Pa,CO2: arterial carbon dioxide tension; Sv,O2: venous oxygen saturation; MPAP: mean pulmonary
artery pressure; CI: cardiac index; RVEF: right ventricular ejection fraction; fC: cardiac frequency; PAOP: pulmonary artery occlusion
pressure; RAP: right atrial pressure; PVRI: pulmonary vascular resistances index; Qva/Qt: venous admixture; RVEDVI: right ventricular
end-diastolic volume index; RVESVI: right ventricular end-systolic volume index; DO2I: oxygen delivery index. +: p<0.02, #: p<0.005,
{: p<0.0001 versus baseline (two-sided Dunnett post hoc test). (1 mmHg=0.133 kPa.)
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(p<0.02). The number of responders was not different
when using either inhaled NO or almitrine bismesylate
(24 with inhaled NO, 14 with almitrine bismesylate). The
association of inhaled NO and almitrine bismesylate res-
ulted in a dramatic improvement in Pa,O2/FI,O2 (median
17.2 kPa 129 mmHg), range 6.1±63.7 kPa 46±479 mmHg)
p<0.0001 versus both baseline and almitrine bismesylate,
p<0.05 versus inhaled NO). Thirty-two responders to the
combination of inhaled NO and almitrine bismesylate
were identified (p<0.02 versus almitrine bismesylate).
Two-thirds of both NO nonresponders (11 of 17) and al-
mitrine bismesylate nonresponders (18 of 27) presented
an increase in Pa,O2/FI,O2 of $20% when the two therap-
eutics were combined. The decrease in Qva/Qt, was main-
ly related to inhaled NO. Concerning oxygen delivery, a
potentiation between inhaled NO and almitrine bismesy-
late was observed.

Influence of noradrenalin on the oxygenation effects of
inhaled nitric oxide and almitrine bismesylate

The influence of NA on the oxygenation effects of
inhaled NO and almitrine bismesylate is illustrated in
figure 2. Nineteen patients received NA for an associated
septic shock. In these patients, almitrine bismesylate had
no effect on oxygenation when given alone, whereas, in
patients not receiving NA (n=22), almitrine bismesylate
induced an increase in Pa,O2/FI,O2 comparable to that
observed with inhaled NO. In this subgroup of patients
not receiving NA, the increase in Pa,O2/FI,O2 observed
when patients received the combination of almitrine bis-
mesylate and NO was greater than that when patients
received either inhaled NO (p<0.02) or almitrine bis-
mesylate (p<0.0001). Conversely, in patients receiving
NA, the combination of inhaled NO with almitrine bis-
mesylate induced a significant increase in Pa,O2/FI,O2

only when compared with that obtained while patients
received almitrine bismesylate (p<0.0001). When the ef-
fects of NA on the variation in Pa,O2/FI,O2 (between the
baseline value and that obtained under inhaled NO,
almitrine bismesylate, or the combination of inhaled NO

and almitrine bismesylate) were examined, only the vari-
ation under almitrine bismesylate was affected (increase
in Pa,O2/FI,O2 of 39.5�56.3% in patients not receiving NA
versus 5.9�19.9% in patients receiving NA; p<0.02).
Moreover, although NA had no effect on the proportion
of responders to inhaled NO or to the combination of
almitrine bismesylate and NO, it significantly decreased
the number of responders to almitrine bismesylate (one of
19 in patients receiving NA versus 13 of 22 in patients not
receiving NA; p<0.0001). As shown in table 3, the main
haemodynamic characteristics of the two groups of pa-
tients did not explain the lack of an increase in Pa,O2/FI,O2

under almitrine bismesylate in patients receiving NA.
One hypothesis concerning the lack of efficiency of alm-

itrine bismesylate when patients received NA was that the
dose regimen was too high (16 mg.kg-1.min-1), inducing
diffuse nonselective pulmonary vasoconstriction. There-
fore, an additional trial was performed in 10 ARDS pati-
ents (not included in the first trial of 41 patients) receiving
NA and inhaled NO, comparing the Pa,O2/FI,O2 ratio under
almitrine bismesylate at two different infusion rates, i.e.
2 h at 5 mg.kg-1.min-1 and 30 min at 16 mg.kg-1.min-1. No
significant difference in Pa,O2/FI,O2 was found when
patients received almitrine bismesylate at 16 mg.kg-1.min-1

(median 19.4 kPa (146 mmHg), range 10.1±57.7 kPa (76±
434 mmHg)) as compared with almitrine bismesylate at 5
mg.kg-1.min-1 (median 17.3 kPa (130 mmHg), range 9.4±
56.8 kPa (71±427 mmHg)). No significant difference in
MPAP was observed when patients received 5 or 16
mg.kg-1.min-1 almitrine bismesylate (25�5 mmHg and 26�
6 mmHg, respectively). Other pulmonary haemodynamic
parameters remained unchanged (RAP, CI, PVRI; data not
shown).

Discussion

This study shows that the combination of almitrine bis-
mesylate with inhaled NO can markedly improve oxygena-
tion in patients with ARDS. The effect of the combination
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Fig. 2. ± Effect of inhaled nitric oxide and/or almitrine bismesylate on
arterial oxygen tension (Pa,O2)/ inspiratory oxygen fraction (FI,O2) in
patients receiving noradrenalin (n=19; u) and in patients not receiving
noradrenalin (n=22; h). Median Pa,O2/FI,O2 (25th, 50th and 75th per-
centiles) are shown and the vertical bars represent the largest and
smallest values that are not outliers. s: outliers (cases with values 1.5±3
box-lengths from the upper or lower edge of the box); *: extremes
outliers (cases with values >3 box-lengths from the upper or lower edge
of the box).
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Fig. 1. ± Effect of inhaled nitric oxide and/or almitrine bismesylate in
all patients (n=41). Median arterial oxygen tension (Pa,O2)/ inspiratory
oxygen fraction (FI,O2) (25th, 50th and 75th percentiles) are shown and
the vertical bars represent the largest and smallest values that are not
outliers. s: outliers (cases with values 1.5±3 box-lengths from the upper
or lower edge of the box); *: extremes outliers (cases with values >3
box-lengths from the upper or lower edge of the box) (1 mmHg=0.133
kPa.)
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of these two therapeutic agents on arterial oxygenation was
better than that obtained with NO or almitrine bismesylate
alone.

Almitrine bismesylate is a peripheral chemoreceptor ag-
onist, which stimulates ventilation [14]. After almitrine
bismesylate administration, a shift in blood flow distri-
bution to better-oxygenated lung areas with higher venti-
lation/perfusion ratios (V'/Q') has been observed [15].
The effects of almitrine bismesylate have also been ob-
served in isolated lung, suggesting a direct action on pul-
monary tissue [16]. Almitrine bismesylate has been found
effective in patients with ARDS [7, 8, 17]. The vaso-
dilating effect of NO on the pulmonary circulation has
been extensively studied. This effect is limited to the
ventilated regions of the lung, thus improving the per-
fusion of ventilated regions, causing a reduction in
intrapulmonary shunting and improving arterial oxygena-
tion. The improvement in oxygenation with the combina-
tion of inhaled NO and almitrine bismesylate has been
shown in ARDS patients [17±19], in hypoxaemic patients
with focal lung lesions [20] and during one-lung venti-
lation in patients undergoing thoracic procedures [21].
The enhancement of hypoxic pulmonary vasoconstriction
by almitrine bismesylate is also strongly suggested by the
decrease in blood flow to low V'/Q' hypoxic lung regions
demonstrated in mechanically ventilated COPD patients
[22]. The mechanisms by which almitrine bismesylate
increases inhaled NO-induced improvement in arterial
oxygenation are not precisely known and can only be
speculative. For example, using the multiple inert gas
elimination technique, REYES et al. [17] found a re-
distribution of pulmonary blood flow from shunt areas to
lung units of normal V '/Q ', while pulmonary artery pres-
sure increased. WYSOCKI et al. [7] did not find a signifi-
cant effect of almitrine bismesylate used alone. However,
their patients were more hypoxaemic than those included
in the present study. Thus, it has been experimentally
shown that almitrine bismesylate may not enhance hypo-
xic pulmonary vasoconstriction when vigorous vasocon-
striction is already present [23].

The current study demonstrates that the addition of
inhaled NO and almitrine bismesylate totally reverses the
almitrine bismesylate-induced increase in MPAP and in
PVRI. This suggests that when inhaled NO was added, the
vasoconstriction related to ARDS, almitrine and/or NA
was reversed in pulmonary vessels perfusing ventilated
alveoli but not in nonventilated areas. This effect enhanced
the redistribution of pulmonary blood flow toward well-
ventilated lung regions. As a consequence, Pa,O2 signi-
ficantly increased.

It was observed that 78% of the patients responded to
the association of inhaled NO with almitrine bismesylate.
WYSOCKI et al. [7] suggested that patients who do not
respond to NO also do not respond to the combination
almitrine bismesylate/NO. It was not possible to confirm
these results. In the present study, two-thirds of the almi-
trine bismesylate nonresponders were considered respon-
ders when inhaled NO was introduced.

Reversible peripheral neuropathy has been reported after
prolonged administration of almitrine bismesylate to pa-
tients with chronic obstructive pulmonary disease [24]. Al-
though no serious side-effects have been described, the
lowest possible dose of almitrine bismesylate should be
administered to critically ill patients. The minimum dose
at which almitrine bismesylate improves arterial oxyge-
nation is not known in ARDS patients, but a recent study
suggested that 4 mg.kg-1.min-1 is sufficient to induce an
improvement in oxygenation [25]. The two dose regi-
mens for almitrine bismesylate were chosen for the fol-
lowing reasons: 16 mg.kg-1.min-1 is the dose regimen that
has been used in clinical studies using short-duration
infusions, whereas 5 mg.kg-1.min-1 is a dose regimen which
could limit the adverse effects (neurological, hepatic) of
almitrine bismesylate and which could be used for long-
term administration. However, the effect of almitrine
bismesylate on pulmonary vascular tone in hypoxic con-
ditions remains controversial and seems to be species-
and dose-related. In in vivo studies in dogs and in isolated
lung studies, the effect of almitrine bismesylate on
hypoxic pulmonary vasoconstriction has been described
as enhancement [16, 26, 27] or inhibition. However, it is
not realistic to compare isolated perfused lungs with pa-
tients. Furthermore, the dose regimens are probably dif-
ferent from those in a clinical setting. Moreover, ARDS is
a heterogeneous parenchymal process, whereas hypoxia
is induced in such animal models by the administration of
hypoxic gases.

In the present study, it was noted that only 5% of the
patients under NA responded to administration of almitrine
bismesylate. In a previous study [28], it was reported that
the improvement in oxygenation related to the adminis-
tration of inhaled NO was not influenced by NA. The
present results are different from those of GALLART et al.
[29] who reported that almitrine bismesylate induced a
significant increase in Pa,O2 when given to patients
presenting septic shock. Some differences could explain
the discrepancies between this latter study and the present
work. Whereas, in the study of GALLART et al. [29], all but
two patients were postoperative patients or multiple
trauma patients, half of the present patients were medical.
Only NA was used as vasoactive agent in the present
study, whereas in the study of GALLART et al. [29] the
number of patients under NA and the dose of NA were not
stated. However, the main difference is probably the

Table 3. ± Haemodynamic changes induced by almitrine
bismesylate in patients receiving or not receiving nor-
adrenalin (NA)

Measurement No NA NA ANOVA

Patients n 22 19
PVRI Baseline 382�242 466�144 NS

dynes.s.cm-5.m2 Almitrine* 438�255 472�206 NS

MPAP mmHg Baseline 26�7 32�5 0.002
Almitrine 29�7 36�7 0.005

CI L.min-1.m-2 Baseline 4.2�1.6 3.9�0.9 NS

Almitrine* 4.3�1.7 4.2�1.3 NS

RVEF % Baseline 41�8 35�7 0.02
Almitrine* 37�9 36�7 NS

PAOP mmHg Baseline 11�4 13�4 0.03
Almitrine* 12�4 14�6 0.01

RAP mmHg Baseline 8�5 9�3 NS

Almitrine* 7�4 10�3 NS

Data are presented as mean�SD. *: 16 mg.kg-1.min-1. ANOVA:
analysis of variance; PVRI: pulmonary vascular resistances
index; MPAP: mean pulmonary artery pressure; CI: cardiac
index; RVEF: right ventricular ejection fraction; PAOP: pulmo-
nary artery occlusion pressure; RAP: right atrial pressure.
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baseline value of Pa,O2/FI,O2, which was ~20.0 kPa (150
mmHg) in the study of GALLART et al. [29], whereas in the
present work it was 11.2�6.1 kPa (84�46 mmHg).
Pulmonary haemodynamics showed that MPAP was also
very different at baseline. However, the increase in MPAP
after the introduction of almitrine bismesylate was com-
parable between the two studies (3.2 to 4 mmHg). There-
fore, the main factor that could explain the differences
between the present work and the study of GALLART et al.
[29] is probably the level of hypoxic pulmonary vaso-
constriction at baseline, which is probably more elevated
in the present work. This lack of effect of almitrine
bismesylate on gas exchange when patients received a
concomitant continuous infusion of NA suggests non-
specific pulmonary vasoconstriction that does not occur
predominantly in most hypoxic regions and thus does not
divert pulmonary blood flow toward better oxygenated
areas. Another explanation is that NA itself favourably
redistributes blood flow in a fashion comparable to almi-
trine bismesylate, and the addition of almitrine bismesy-
late confers no additional benefit. However, a study was
recently performed that did not support this hypothesis
[30].

In conclusion, the combination of inhaled nitric oxided
with almitrine bismesylate markedly improved arterial
oxygenation, probably by inducing vasodilation of nor-
mally-ventilated areas (nitric oxide effects and further con-
striction of shunting zones (almitrine bismesylate effects).
Although nitric oxide inhalation alone significantly increas-
ed arterial oxygen tension, the enhancement of pulmonary
vasoconstriction with almitrine bismesylate amplified this
improvement in arterial oxygen tension and allowed the
inspiratory oxygen fraction and positive end-expiratory
pressure required for adequate gas exchange to be reduced,
thus preventing ventilator-associated lung injuries. On the
contrary, it was noted that almitrine bismesylate did not
induce an increase in arterial oxygen tension when admi-
nistered to patients receiving noradrenalin. No deleterious
effect was observed in right ventricular function of almi-
trine bismesylate, noradrenalin, or the combination of these
two vasoconstrictors. However, the potential toxicity of
almitrine bismesylate implies great caution in its use. How-
ever, additional studies are needed in order to demonstrate
a significant impact on outcome in acute respiratory
distress syndrome patients.
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