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ABSTRACT: The aim of this study was to investigate the haemodynamic and
endocrinological effects of noninvasive positive pressure ventilation (NIPPV). 

Eleven patients with oedema and recent hypercapnic and hypoxaemic worsen-
ing of a chronic respiratory insufficiency were included. Echocardiography, card-
iac radionuclide assessment, blood catecholamines, salt and water handling hormones
were measured at admission and discharge (long study (LS)). To discriminate
between the action of NIPPV and other treatments, measurements were performed
on the fourth day, for 4 h without NIPPV and 4 h with NIPPV (short study (SS)).

NIPPV entailed a correction of Pa,CO2 and an increase of Pa,O2 in LS and SS.
Oedema disappeared. Body weight decreased (from 85±42 to 81±40 kg) during LS.
Systolic and mean pulmonary arterial pressure decreased in LS and SS. Right ven-
tricular ejection fraction increased in LS. Left ventricular ejection fraction did not
change. Cardiac index was normal on admission and then decreased. Natriuretic
peptides and catecholamines were increased on admission, whereas plasma renin
activity, aldosterone and vasopressin were normal.

We suggest that in these patients, oedema can occur independently of renin-
angiotensin-aldosterone-vasopressin and with a normal cardiac output. Noninva-
sive positive pressure ventilation allowed a correction of blood gases, associated
with the resolution of oedema, a decrease in pulmonary arterial pressures and an
increase in right ventricular ejection fraction.
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Severe chronic respiratory insufficiency often leads
to pulmonary arterial hypertension and cor pulmonale,
which are associated with increased mortality [1]. Peri-
pheral oedema is often witnessed in these patients, and
the traditional view has been to assume that this results
from right ventricular failure and/or the increased secre-
tion of salt and water-handling hormone [2, 3]. Long-
term noninvasive positive pressure ventilation (NIPPV)
is effective in improving blood gases and thereby de-
creasing pulmonary hypertension, clearing oedema, and
reducing morbidity and mortality associated with this
condition [4]. Its beneficial effects on oedema could res-
ult from improved right ventricular function and card-
iac output as well as a lowering of salt and water-handling
hormone levels, as demonstrated during invasive mec-
hanical ventilation [5]. However, there is a scarcity of
published data on the consequences of NIPPV on pul-
monary haemodynamics, ventricular function and hor-
monal patterns in oedematous patients with chronic
respiratory insufficiency in which long-term ventilato-
ry support is initiated.

The aims of this study were, therefore: 1) to measure
the haemodynamic effects of NIPPV, which would be
expected to reduce pulmonary arterial pressure and
improve right ventricular ejection fraction because of
the correction of  Pa,CO2 and Pa,O2; 2) to explore the haemo-

dynamic and endocrine profiles of patients during a recent
worsening of chronic hypercapnic respiratory insuffi-
ciency, in particular the major hormones involved in the
regulation of salt and water homeostasis (renin, angio-
tensin, aldosterone and vasopressin systems), as well as
atrial natriuretic peptide (ANP) and brain natriuretic
peptide (BNP). Indeed, both these peptides are eleva-
ted in proportion to pulmonary arterial pressure and atri-
al stretch and can enhance sodium and water excretion
[6]; and 3) to measure the effects of NIPPV on the plas-
ma levels of these hormones.

Methods

Patients were included if they presented recent wors-
ening of chronic respiratory insufficiency, without acute
respiratory failure requiring intubation, and fulfilled three
of the published criteria for home mechanical ventilation
[4]: morning headache, hypersomnolence, recent wors-
ening of dyspnoea, respiratory frequency (fR) of more
than 30 breaths·min-1; Pa,O2 <8.0 kPa (60 mmHg), Pa,CO2

>6.0 kPa (45 mmHg), pH <7.35, breathing room air, or
despite the use of long-term home oxygen therapy. Pati-
ents were equipped with an arterial line for repeated blood
gas measurements. Usual treatment, including broncho-
dilators, antibiotic and diuretics, was instituted, as required.
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Neither steroids nor antiarrhythmics were used. Oxygen
was administered either through nasal prongs or via the
ventilator. Pulmonary function studies were performed
in a stable state at the end of hospitalization. As our in-
stitutional Ethics Committee did not allow the insertion
of a pulmonary catheter, which is not required for the
routine clinical management of these patients, haemo-
dynamic measurements were noninvasive (echocardio-
graphy and radionuclide angiography).

Exclusion criteria were: refusal to take part in the
study; agitation; altered mentation or coma; and major
arrhythmia or unstable haemodynamic conditions.

Transthoracic echocardiography

A tricuspid regurgitation flux (which should be pre-
sent in approximately 80% of patients with pulmonary
arterial hypertension) was searched for. The maximal
velocity of this flux (Vmax) was measured and the sys-
tolic pulmonary arterial pressure (Ppa,sys) was comput-
ed using the formula: 

Ppa,sys = 4·Vmax2 + Pra

where Pra is right atrial pressure, estimated for each
measurement to be 10 mmHg. This method has been
shown to correlate satisfactorily with measurements ob-
tained by a pulmonary arterial catheter [7]. Using puls-
ed Doppler echocardiography, the time from the onset
of ejection to the time of peak pulmonary artery flow
velocity, termed the time to peak flow velocity (tpf) was
determined. Mean pulmonary artery pressure (Ppa) was
then calculated by the equation: Ppa = 90 - (0.62 × tpf)
[8]. Echocardiography was always performed by the
same investigator (CR) who was blinded to the aims
of the study, to allow optimal reproducibility even in
obese patients in whom transthoracic echocardiography
is often difficult to perform. All measurements were per-
formed at time 1 (T1) and time 3 (T3) without NIPPV
and at time 2 (T2) and time 4 (T4) during NIPPV (see
Measurements protocol, below, for definition of the tim-
ing).

Radionuclide assessment

To evaluate cardiac function, a gated blood pool scan-
ning was used. A blood sample of 5 mL was removed
and mixed in vitro with 20–25 mCi of Technetium-99m
during 10 min. This sample was then re-infused to the
supine patient through a peripheral venous line. Ima-
ges were acquired with a mobile gamma camera (Apex
215M; Elscint Corp®, Israel), in the left anterior oblique
(LAO) view with a craniocaudal tilt of 5–10° to allow
better separation between the two ventricles. The acqui-
sition was made by a computerized system synchroniz-
ed to the patients cardiac frequency. After spatial and
temporal smoothing of 32 frames for each cardiac cycle,
a ventricular region of interest was first automatically
defined on the parametric phase image obtained by the
first harmonic Fournier analysis, and then manually by
drawing left and right ventricular outlines in diastole and
systole. The computer then derived end-diastolic counts

volume (EDV) and end-systolic counts volume (ESV).
The background activity was chosen in the lateral area
of the ESV frame. Ejection fraction (expressed as a
percentage) was equal to the difference between EDV
and ESV activities divided by EDV activity and norma-
lized by background activity [9]. End-diastolic ventri-
cular volumes were measured by the method of MASSARDO

et al. [9]. In addition, an approximative value of cardiac
output was obtained by standard equations, knowing the
cardiac frequency (fC) and the left ventricular ejection
fraction (LVEF):

Cardiac output = fC · LVEF · LVEDV

where LVEDV is the left ventricular end-diastolic ven-
tricular volume.

The radionuclide assessments were performed at T1
and T4 only (see below), in order to avoid excessive
radiation exposure.

Plasma hormones

Plasma renin activity was determined by a radioim-
munoassay of angiotensin I produced after incubation
of the plasma at 37°C for 3 hrs [10]. Plasma cortisol and
aldosterone concentrations were measured by direct
radioimmunoassays using commercially available kits
(Diagnostic Products Corp., Los Angeles, CA, USA).
Plasma arginine vasopressin concentration was mea-
sured by radioimmunoassay after extraction on octade-
casilyl-silica columns (Sep-Pak C 18; Waters, Milford,
MA, USA) according to LA ROCHELLE et al. [11]. Serum
meta- and normetanephrine determinations were per-
formed by high performance liquid chromatography fol-
lowed by electrochemical detection [12].

Plasma concentrations of ANP were determined after
extraction by a radioimmunoassay using the iodine-125
α ANP (Amersham International, London, UK) and the
antibody supplied by Peninsula Laboratories (Boston,
MA, USA), as described in detail elsewhere [13]. Plasma
concentrations of BNP were measured after extraction
by a radioimmunoassay kit provided by Peninsula Lab-
oratories, a method developed from KOHNO et al. [14].
All the blood hormones measurements were perform-
ed at T1, T2, T3 and T4.

Bioelectrical impedance

Bioelectrical impedance analysis (BIA) was used to
determine total body water and lean and fat body mass-
es, as described previously [15]. Briefly, an electrical cur-
rent of 50 kHz and 0.8 mA was produced by a generator
(APIC®; Eugedia, Lyon, France) and applied to the skin
using adhesive electrodes (Sentry Silver Sircuit®, Sen-
tryMedical Products, Irvine, CA, USA) placed on all
right side limbs with the patients lying supine. The skin
was cleaned with 70% alcohol. Resistance (R) and reac-
tance (X) were used to calculate impedance (Z = R2+X2)
expressed as a function of the square of the height of the
subject. Body composition was calculated following
standardized equations [16].



Nasal intermittent positive pressure ventilation

The respirators used were the volume-cycled flow
generators Kontron ABT 4100® (Milano, Italy) or Life-
care PLV-100® (Lafayette, CO, USA). The respirators
were operated in assist-control mode and the settings
were determined by arterial blood gas measurements.
Patients were first fitted with a commercial silicone
nasal mask (Respironics Inc® Murrysville, PA, USA),
then a silicone mask was modelled to the patient's face.
Oxygen was added to the inspiratory port when necess-
ary, to maintain arterial oxygen saturation (Sa,O2) ≥90%.
At first, NIPPV was performed for 16–20 h·day-1, then the
NIPPV period was gradually reduced to nocturnal use
only, according to clinical tolerance and effect on arte-
rial blood gases.

Measurements protocol

The study was divided in two phases, all the mea-
surements being performed in the supine position. The
first phase (long study (LS)) compared the data of the
patients between their admission without NIPPV (T1)
and discharge with NIPPV (T4) from the intensive care
unit (ICU) (approximately 1 week later), the main inter-
ests of this LS being to document changes in haemo-
dynamic and endocrine profiles before NIPPV and after
patients were adapted to NIPPV.

The second phase (short study (SS)) took place 3–4
days after admission to the ICU, when the patients had
mastered the technique of NIPPV. The SS compared
measurements on the same day, performed when the pat-
ients had been off the ventilator for 4 h (T2), with those
obtained after 4 h of NIPPV (T3). This SS was divi-
ded into two 4 h periods, as this duration is longer than
the plasmatic half-life of the hormones assessed [17,
18]. No diuretics were administered during the short
study, and for at least 4 h before T2. Bronchodilators,
when necessary, were delivered by aerosols every 4 h.

The SS was designed to measure the direct effect on
pulmonary and systemic haemodynamics of an improve-
ment in arterial blood gases. It allowed us to discrimi-
nate between the specific action of NIPPV (SS) and the
combination of NIPPV and other treatments. No con-
trol group, consisting of patients treated with oxygen
alone and standard medical treatment, was planned. In-
deed it was a condition of inclusion that the patients
had clear indication for ventilatory support, whether
noninvasive or with endotracheal intubation. Therefore,
it would have been unfeasible and unethical to provide
for such a control group.

The study protocol was approved by the Ethics Res-
earch Committee of our hospital. Informed written con-
sent was obtained from the patients or their next of kin.

Statistical analysis

All data are expressed as mean±standard deviation.
Significance of changes in various parameters within
patient group are expressed by analysis of variance
(ANOVA) or by Student's paired t-test. The effects of
NIPPV in LS versus SS were compared by using un-
paired t-test or Wilcoxon's signed rank test when appro-
priate. Correlations were established by simple linear
regression. A p-value of less than 0.05 was considered
significant.
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Results

Eleven patients were included in the study, nine of
whom had peripheral oedema, while all were hypercap-
nic and hypoxaemic. Anthropometric and other pertin-
ent characteristics are shown in table 1. Lung functions,
measured in the pulmonary function laboratory after
the patients were discharged from the ICU were: forced
expiratory volume in one second (FEV1) 1.14±0.56 L;
FEV1 percentage of predicted values 42±13%; forced
vital capacity (FVC) 1.66±0.81 L, 48±15 % pred; FEV1/
FVC 91±19%; total pulmonary capacity (TPC) 4.1±1.6
L, 74.6±25.6 % pred; and residual volume (RV) 2.3±
1.0, 118±52 % pred. Diuretics were administered to seven
of the patients. The mean daily dose of furosemide was
48 mg, and that of acetazolamide 120 mg.

NIPPV allowed a normalization of Pa,CO2: before
NIPPV (T1), Pa,CO2 was 7.8±1.5 kPa (59±11 mmHg); at
T2 it was 6.6±0.7 kPa (50±5 mmHg); at T3, 4.8±0.7 kPa
(36±5 mmHg); and T4, 4.8±0.5 kPa (36±4 mmHg). Pa,O2/
inspiratory oxygen fraction (FI,O2) ratio improved with
NIPPV (fig. 1). No scoring system was established to
assess patient tolerance, but the fact that all patients
could be treated successfully, as indicated by the cor-
rection in blood gases, without the need for intubation,
is an indirect reflection of patient acceptability.

The haemodynamic data at the time of ICU admission
and discharge are shown in table 2. Pulmonary arterial
hypertension was documented in 10 patients. RVEF
was decreased, while LVEF was within normal values.
NIPPV did not change left ventricular function, but RVEF
significantly increased, whereas RVEDV and cardiac
index decreased. The effect of NIPPV on haemodynamics
could be measured in the six patients who presented a
tricuspid insufficiency, allowing the calculations of Ppa
and Ppa,sys: Ppa and Ppa,sys pulmonary artery pressures
were decreased both in the SS and the LS (SS: Ppa
before NIPPV 24±13 mmHg, after NIPPV 18±12 mmHg)
(p<0.05), Ppa,sys before NIPPV 52±17 mmHg, after
NIPPV 43±13 mmHg (p<0.05); LS: Ppa before NIPPV
34±12 mmHg, after NIPPV 21±15 mmHg (p<0.05),
Ppa,sys before NIPPV 60±18 mmHg, after NIPPV 48±
21 mmHg (p<0.05). Expressed as a percentage of the
value before NIPPV, the decrease in Ppa,sys was larger
in LS than in SS (25±19% versus 13±12%), but this
difference was not significant. Cardiac frequency de-
creased during both SS and LS: in SS, fC decreased
(87±15 beats·min-1 before NIPPV, 73±17 beats·min-1 after
NIPPV; p=0.006); in LS, fC also decreased (93±15 beats·
min-1 before NIPPV, 78±15 beats·min-1 after NIPPV;
p=0.005). Systemic arterial pressure decreased signifi-
cantly only in SS (127±26 mmHg before NIPPV, 118±
20 mmHg after NIPPV; p=0.04), whereas the decrease
was not significant in LS (139±19 mmHg before NIPPV,
123±18 mmHg after NIPPV; p=0.2).

There was a significant correlation between the admi-
ssion measurements of Ppa,sys and Pa,CO2 (r=0.81; p=0.05).

Seven patients received a mean dose of 48 mg of furo-
semide (during the entire stay) and eight patients a mean
dose of 118 mg of acetazolamide (during the same peri-
od of time).

Hormonal values, in both LS and SS, are shown in
table 3. The plasma levels of natriuretic peptides (ANP,
BNP) and serum metanephrines or normetanephrines
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Fig. 1.  –  Improvement in arterial carbon dioxide tension (Pa,CO2)
and arterial oxygen tension (Pa,O2)/inspiratory oxygen fraction (FI,O2)
entailed by nasal intermittent positive airway pressure (NIPPV) in: a)
the long study; and b) the short study. Long study: comparison
between admission and discharge from the intensive care unit. Short
study: comparison between measurements made after 4 h without
NIPPV and after 4 h with NIPPV. *: p<0.05. 1 kPa = 7.52 mmHg.

Table 2.  –  Haemodynamics and body composition at
admission to and discharge from the intensive care unit
(ICU)

ICU              ICU
admission        discharge      p-value

(without NIPPV)  (with NIPPV)

fC beats·min-1 93±12 78±15 0.005
RVEF  % 35±10 43±14 0.009
LVEF  % 70±7 70±9 0.9
RVEDV  mL 199±87 135±55 0.005
LVEDV  mL 102±35 93±42 0.3
CI L·min-1·m-2 3.3±0.6 2.4±0.4 0.001
Body weight kg 84.9±41.7 81.2±39.5 0.02
Total body water L 43.9±16.2 42.4±16.3 0.06
Lean body mass 15±8 14±8 0.17
% body weight

Values are presented as mean±SD. NIPPV: noninvasive posi-
tive pressure ventilation; fC: cardiac frequency; RVEF: right
ventricular ejection fraction; LVEF: left ventricular ejection
fraction; RVEDV: right ventricular end-diastolic volume;
LVEDV: left ventricular end-diastolic volume; CI: cardiac
index.
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were clearly increased at admission, compared to nor-
mal values [12]; norepinephrine was in the upper range
of normal values. There was a significant correlation be-
tween Ppa,sys and both ANP and BNP at T1 (r=0.776;
p=0.06 and r=0.823; p=0.04, respectively). All other
basal values were normal. There was a decrease in BNP,
which was significant in LS but not in SS, and a trend
toward a decrease in ANP with the use of NIPPV. No
other significant change in the hormonal profiles was



detected. There was a significant correlation between
Ppa,sys and ANP and BNP at T1 (r=0.82 and 0.77; p=0.04
and 0.05, respectively).

Finally, as shown on table 2, the body composition
study (electrical bioimpedance measurements) showed
that total body water decreased and paralleled the body
weight loss, whereas the lean body mass did not change.

Discussion

In this study on patients with recent worsening of
chronic respiratory failure and an indication for the
institution of long-term NIPPV, NIPPV and medical
treatment entailed a normalization of blood gases, a
lowering of pulmonary arterial pressure and a substan-
tial improvement in right ventricular function, as well as
a major decrease in total body water, despite a decrease
in the cardiac index, in less than a week. The acute ef-
fect of NIPPV added an improvement in blood gases
and haemodynamics. Renin, aldosterone and vasopres-
sin remained in the normal range between admission
(without NIPPV) and discharge from the ICU (with
NIPPV), whereas catecholamines and their metabolites,
ANP and BNP were increased at admission. ANP and
BNP plasma concentration significantly decreased bet-
ween admission and discharge.

The physiological characteristics of the present pati-
ents were very close to those observed in other studies
on cor pulmonale, being hypoxaemic and chronically
hypercapnic, and presenting right ventricular dysfunc-
tion without any apparent left ventricular disturbance,
normal cardiac output, and peripheral oedema [19]. As
in other published series, in chronic obstructive pul-
monary disease (COPD) patients, the present patients
showed a positive correlation between Pa,CO2 and pul-
monary artery pressure [20]. Their hormonal profile was
characterized by an increase in the plasma concentra-
tion of the natriuretic peptides, correlated with the mag-
nitude of hypercapnia, and an increase in metanephrine
and normetanephrine. However, we did not find any
alteration in the renin-angiotensin-aldosterone-vasopres-
sin system (RAAVS), as has been reported by others
[21]. We believe, as has already been mentioned by a
few authors [2, 3], that there are at least two reasons
why some patients have elevated value of the RAAVS,
and others do not. Firstly, some patients reported in the

literature were probably hypovolaemic, due to prior ad-
ministration of diuretics [22]. Hence, a potent stimulus
for the activation of the RAAVS was certainly opera-
tive. In COPD patients not previously treated with diu-
retics, ADNOT et al. [23] found the same results as we
did. With one exception, no patient had received any
diuretic before entering the present study. Secondly,
natriuretic peptides were recently described as potent
inhibitors of the RAAVS [24]: our patients had elevat-
ed plasma levels of these peptides.

There has been virtually no studies on the effect of
NIPPV on haemodynamics, and certainly none on hor-
monal profiles and oedema. However, one author [25]
showed, in a few COPD patients, that short-term (a few
hours) use of NIPPV via a face mask had no haemody-
namic effect up to 20 cmH2O of inspiratory pressure,
except when positive end-expiratory pressure (PEEP) (5
or 10 cmH2O) was added. In a recent textbook on mec-
hanical ventilation [26], it was noted that NIPPV can
induce a large diuresis in some patients, but no refer-
ence or data are mentioned to substantiate this claim.
The consequences of invasive positive pressure mecha-
nical ventilation, on haemodynamics has been widely
studied, particularly in COPD patients. However, the
majority of these studies deal with the mechanical heart-
lung interactions and try to explain how positive pres-
sure can interfere with right or left ventricular function.
It is very unlikely that this type of effect could be im-
portant, or even present, in NIPPV. Firstly, as mention-
ed above, the only published study on haemodynamics
and NIPPV did not show any effects when bedside right-
heart catheterization was used [25] and, secondly, in our
patients, inflation pressure was usually low, and rarely
exceeded 20 cmH2O at the mask level. Therefore, we
believe that the effects on haemodynamics that we have
observed were not mediated by mechanical interactions,
but were the consequences of the major alterations of
arterial blood gases, particularly Pa,CO2. The modifica-
tions observed in the long study (table 2) may have been
due to other confounding factors, including diuretics
and weight loss. However, this should not be the case
in the short study where only the effects of NIPPV were
measured, in the absence of any other change. 

Because NIPPV resulted in decreased Pa,CO2 and increa-
sed Pa,O2 increases, we hypothesize that these alterations
in blood gases had several favourable consequences.
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Table 3.  –  Blood hormone levels

Long study Short study

Hormone                 Normal value [12]    Without           With           p-value        Without          With          p-value
(supine)          NIPPV           NIPPV                          NIPPV          NIPPV

Cortisol  nM 441±165 429±153 440±178 NS 368±127 324±146 NS

Renin  ng·mL-1 0.89±0.66 0.80±0.76 1.39±1.54 NS 1.07±1.52 1.29±1.47 NS

Aldosterone nM 0.08±0.42 0.33±0.2 0.36±0.33 NS 0.32±0.20 0.26±0.15 NS

Vasopressin pg·mL-1 M 1.78±1.24 1.66±1.13 2.52±0.58 NS 2.22±1.57 2.3±1.35 NS

F 1.15±0.7 2.22±1.62 2.63±2.71 NS 2.37±1.23 2.58±1.45 NS

Epinephrine nM 0–0.5 0.36±0.32 0.36±0.21 NS 0.42±0.35 0.41±0.38 NS

Norepinephrine nM 0–4 3.7±2.3 2.7±1.6 NS 3.4±2.2 2.8±1.8 NS

Metanephrine nM 0.6±0.4 12.9±4.4 9.8±6.7 NS 9.4±4.1 9.4±5.6 NS

Normetanephrine nM 6.2±2.7 28.6±16.9 13.7±10.2 0.08 17.0±8.6 18.1±9.3 NS

ANP pg·mL-1 38.7±16.9 101.1±56.5 83.9±40.3 0.09 115.5±68.6 101.9±70.3 NS

BNP pg·mL-1 10.5±2.2 68.7±58.3 34.5±30.0 0.02 40.6±30.6 38.0±28.8 NS

Blood samples were taken while the patients were supine. NIPPV: noninvasive intermittent positive pressure ventilation; ANP:
atrial natriuretic peptide; BNP: brain natriuretic peptide; M: male; F: female; NS: nonsignificant.



First, pulmonary artery pressure was reduced, accord-
ing to the dependency of pulmonary vasculature tone
on hypoxia and, to a lesser degree, hypercapnia. This
may have caused the decrease in production of the natri-
uretic peptides that we observed. ANP, and probably
BNP, secretions are increased in relation to the degree
of right atrial stretch [6] and their plasma levels are pos-
itively correlated with the degree of hypercapnia [27].
One could argue that the decrease of the natriuretic pep-
tides is not really a favourable issue in a situation where
they should increase urinary sodium loss and induce an
inhibition of the RAAVS [24, 28]. However, it was recen-
tly shown in COPD patients, that the effects of ANP
may be different, according to the severity of the disease
[25]. In patients with mild COPD, the ANP secretory
response to variations of volume is enhanced, indica-
ting that ANP helps to maintain an adapted renal func-
tion to volume homeostasis. When the disease becomes
more severe and the patients more hypercapnic, increa-
sed secretion of ANP is sustained, but the role of this
substance as a volume regulator seems to be lost [29].
It is therefore possible, but remains to be proven that
by decreasing Pa,CO2, and perhaps by normalizing Pa,O2,
a more normal effect of ANP could be restored.

Several authors have shown that in patients with
severe COPD and hypercapnia, aldosterone and vaso-
pressin are increased, whereas hypercapnia and oedema
are correlated [21, 22]. The present patients did not show
an activation of this hormonal pathway; in addition,
NIPPV did not modify the activity of this system. Sev-
eral considerations should be made on this point. First-
ly, due to the lack of administration of diuretics, except
in one of our patient before admission, our results are
consistent with others, claiming that the RAAVS is only
activated in diuretic-induced hypovolemia in these pati-
ents [2, 3]. Secondly, the absence of RAAVS activa-
tion may be due to the secretion of the natriuretic peptides
[30]. Finally, when arterial blood gases were normal-
ized by NIPPV use, even if the inhibiting effects of ANP
and BNP on the RAAVS had vanished, the correction of
hypercapnia would have ceased stimulation of the RAAVS.

The third hormonal system that we have explored is
the catecholaminergic network. Catecholamines stimul-
ate renin release, reduce renal blood flow and glomerular
filtration rate and increase sodium reabsorption. Plasma
noradrenalin is used as an estimate of sympathetic ac-
tivity, and is generally elevated in hypoxic and hyper-
capneic patients, particularly in patients with severe
COPD and oedema. As expected, we observed an increase
in the catecholamines and their metabolites in our pati-
ents and NIPPV tended to decrease levels of these hor-
mones in their plasma.

Finally, a brief comparison between the SS and LS
should be made. In both situations, we were able to low-
er Pa,CO2 and Pa,O2 by using NIPPV. However, the decre-
ase in pulmonary artery pressure was larger in LS than
in SS. Because the alterations of arterial blood gases
were of the same degree in both situations, one could
suggest that, in the LS, there was a combination of
effects on the pulmonary vasculature. Firstly, a rapid
and relatively direct effect on pulmonary vascular tone
due to blood gas normalization and, secondly, the more
longstanding action of the reduction of volemia induced
by diuresis and natriuresis.

Our data thus seem to provide some clues as to the
reasons for success of long term home NIPPV in pat-
ients with restrictive thoracic disorders. The greatly
improved prognosis of these patients is probably rela-
ted in some way to the effect of NIPPV on pulmonary
haemodynamics. Considering the vasodilator effect of
hypercapnia and the absence of increase in the RAAVS,
a tentative pathophysiological explanation for oedema
formation in hypercapnic hypoxaemic patients, in the
absence of a low cardiac output syndrome, is summa-
rized in figure 2.

Our study presents four main limitations. Firstly, a
control group is lacking, as oxygen therapy, diuretics
and weight loss could, by themselves, result in the mod-
ifications observed in this study. However, since these
patients had, in our opinion, indication for ventilatory
support, constituting such a group was not feasible.
Secondly, it is not possible to attribute the changes ob-
served in the LS exclusively to NIPPV, and the other
treatment modalities may have played a role as well.
That is why the SS was performed. Indeed, the striking
improvements of haemodynamics and blood gases ob-
served during the SS, which are not attributable to any
treatment besides NIPPV, lend support to the fact that
NIPPV certainly plays a key role in the haemodynamic
and blood gas changes observed in the LS (likewise,
correction of hypoxaemia alone, on a short term basis,
has been shown to be insufficient to reduce pulmonary
artery pressure [31]). However, the LS seems highly
valuable in determining the haemodynamic and endo-
crinological profile of these patients on admission and
at discharge from the ICU. Thirdly, the small number
of patients may have resulted in a type II error. For
instance, some results were close to significance, such
as the decrease of plasma ANP levels during the LS, or
the difference in decrease of pulmonary artery pressure
when comparing SS and LS. A final limitation is the
nonhomogeneous nature of the study population, which
included a majority of patients with restrictive pul-
monary disorders, but of different causes (obesity, kyp-
hoscoliosis), and one patient with obstructive disease.
Nevertheless, the common feature was hypoxaemia and
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Fig. 2.  –  Pathophysiological hypothesis for the formation of oede-
ma. ANP: atrial natriuretic peptide; BNP: brain natriuretic peptide;
RAAVS: renin-angiotensin-aldosterone and vasopressin systems; SVR:
systemic vascular resistance; GFR: glomerular filtration rate; ERPF:
effective renal plasma flow; Fe,Na: extraction fraction of sodium; +:
stimulation; - : inhibition.
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hypercapnia, and our efforts were aimed at its correc-
tion with NIPPV.

In summary, in a group of severely hypercapnic pati-
ents, the majority of whom were affected by a restrictive
respiratory disorder and oedema, noninvasive positive
pressure ventilation was well tolerated, normalized arte-
rial blood gases, significantly improved pulmonary ar-
tery pressure and right ventricular ejection fraction, and
was associated with a diuresis and a loss in total body
water. Natriuretic peptides, which were elevated before
the initiation of NIPPV decreased after several days of
such treatment.
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