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CPAP and/or NIV in cardiogenic 
pulmonary oedema

Educational aims
 Defi ne the benefi ts of using CPAP and/or NIV in heart failure.
 Detail recommendations for the use of ventilators for the clinical treatment of heart failure.
 Discuss the evidence for and against using ventilators in heart failure. 
 Describe the benefi t of using NIV in a pre-clinical setting. 

Summary
Heart failure is a complex topic which poses difficult decisions for ventilator specialists. 
Currently available therapies are mechanical ventilation and standard therapy with oxy-
gen or medical intervention. Ventilator specialists face a difficult decision when choosing 
which of these to use as the evidence for each is not conclusive. The primary aim of the 
chosen treatment is to improve oxygenation and respiratory acidosis and reduce the work 
of breathing and dyspnoea. In addition, another goal of treatment is an improvement of 
cardiac performance. To date, it is difficult to recommend which available treatment is the 
best at achieving these goals and it is recommended that individual treatment for each 
patient should be based on their specific needs and circumstances. 

Theory of mechanical 
ventilation
To use continuous positive airway pressure 
(CPAP) or noninvasive ventilation (NIV) effec-
tively it is important to understand the inter-
play between breathing and cardiac function. 

Effect of normal 
breathing on 
cardiac function
In healthy individuals, inspiration causes trans-
pleural pressure to become negative, which in 
turn causes intrathoracic pressure to become 
negative, leading to an increase in venous 

return to the heart. An increase in venous return 
causes a larger preload, increased pressure in 
the right atrium and  increased end diastolic 
fi lling pressure in the right ventricle. On the 
left side of the heart, the negative intrathoracic 
pressure causes an increase in left ventricular 
afterload leading to a higher cardiac workload. 

Effect of positive 
pressure in healthy 
individuals
The application of positive pressure has an 
impact on the complex pressure and circulation 
interplay in the chest, although the exact mech-
anism has not been determined. In healthy 
individuals, the use of positive pressure causes 
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an increase in intrathoracic pressure, which leads 
to a decrease in venous return, a decrease in car-
diac fi lling pressures, causing a reduction in myo-
cardial work load (fi gure 1). 

It is thought that the effect of NIV and CPAP 
therapy in patients with cardiogenic pulmonary 
oedema is due to a combined reduction of car-
diac pre- and afterload. This is a similar effect to 
that caused by angiotensin-converting enzyme 
inhibitors or nitrates, but much faster [1]. Eleva-
tion of the intrathoracic pressure diminishes the 
cardiac minute volume in healthy individuals, but 
in patients with left ventricular insuffi ciency, the 
stroke volume and the cardiac index can also be 
improved.

Mechanical ventilation 
in real life
The treatment for a patient presenting with 
cardiac failure with pulmonary oedema is cur-
rently recommended to be either CPAP between 
8 and 12 mbar or NIV in assisted mode with 
a short rise time and high fl ow to achieve a 
high inspiratory pressure (20 mbar) and a high 
positive end-expiratory pressure (6–10 mbar). 
Facial masks or the helmet are the interfaces 
of choice.  Although these recommendations 
are common practice there is not real evidence 
to suggest that this is the correct procedure in 
patients with heart failure. 

Several physiological studies have examined 
the benefi t of using positive pressure for heart 
failure patients. A small study by KOTANIDOU et 
al. [1] included 12 healthy volunteers and 12 
patients with severe heart failure and studied the 
effect of applying 5, 15 and 20 mbar of CPAP on 
cardiac output. In the healthy volunteers, cardiac 
output decreased due to an increase in intratho-
racic pressure leading to a  decrease in venous 
return.

However, the same result was not found in 
heart failure patients, in fact, cardiac output 
remained steady on all levels of CPAP, with a 
slight increase when intrathoracic pressure was 
increased up to 20 mbar of CPAP. 

The haemodynamic effects of CPAP and NIV 
were evaluated in 10 patients with acute deterio-
ration of cardiac function in a study published in 

Mechanical ventilation

↑ pressure in the right atrium

↓ end-diastolic filling pressures 

↓ myocardial oxygen consumption
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↑ intrathoracic/intrabronchial pressure

Figure 1
The effects of mechanical ventila-
tion on the central haemodynamics 
in a healthy individual. 

Figure 2
Models of pressure gradients during 
normal spontaneous breathing and 
with the use of CPAP in a healthy 
individual.
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respiratory rate, dyspnoea score, blood pressure 
and heart rate showed a signifi cant improvement 
in the fi rst hours after the initiation of NIV treat-
ment. Therefore, NIV was superior at providing a 
more rapid improvement in oxygenation and dys-
pnoea compared with standard medical therapy 
alone. However, NIV did not decrease the overall 
use of intubation, mortality or adverse events 
which were equally distributed between the two 
groups. 

Until recently, multiple clinical trials revealed 
that physiological parameters improve with the 
use of CPAP or NIV, in addition endotracheal 
intubation rates and short-term mortality may 
be reduced. However, a recent large multicen-
tre clinical effectiveness trial [7] failed to show 
any clear overall benefi t of CPAP or NIV for 
patients with severe cardiopulmonary oedema, 
despite some improvement in physiological 
parameters and patient symptoms. The study 
included 1,069 patients assigned to CPAP, NIV 
or standard therapy with a primary end-point 
of death within 7 days of treatment [7]. It was 
found that there was no signifi cant difference 
in 7-day mortality between patients receiving 
standard oxygen therapy and those receiving 
CPAP or NIV. Moreover, there was no signifi cant 
difference between intubation rates. However, 
similar to the NAVA et al. [6] study, NIV was asso-
ciated with greater improvements in dyspnoea, 
heart rate, acidosis and hypercapnia 1 h after 
treatment. 

Recommendations for 
clinical treatment
 NIV has been seen to have benefi cial effects 
within the fi rst few hours of treatment; however, 
the outcome after days or longer seems to be 
more or less comparable with that of standard 
therapy with oxygen. Therefore, CPAP and NIV 

2002 [4]. CPAP of 10 mbar or bi-level positive air-
way pressure (BiPAP) of 15/5 mbar was applied 
over 30 min in the crossover study. The primary 
end-point was changes functional mitral regur-
gitation (MR). After 30 min of CPAP and BiPAP, 
MR decreased signifi cantly in all 10 patients 
demonstrating that both methods were effective 
at improving ejection fraction and reducing MR 
in patients with exacerbations of severe chronic 
heart failure. 

NIV versus standard 
therapy 
In 1998, a meta-analysis compared studies exam-
ining the addition of CPAP or NIV to standard 
therapy on mortality rates and the need for intu-
bation [5]. The application of CPAP versus stand-
ard treatment in acute pulmonary oedema was 
shown to reduce mortality on average by 6% and 
intubation rates by 26% (table 1). The study con-
cluded that evidence was in favour of using CPAP 
in patients with cardiogenic pulmonary oedema, 
although potential side effects and long-term 
problems with the technique were not ruled out. 

In 2003, a large multicentre study performed 
in the emergency room included 130 patients 
with acute respiratory failure who were ran-
domised to receive either medical therapy includ-
ing oxygen or medical therapy, oxygen and NIV 
[6]. The primary end-point of the study was the 
need for intubation with a secondary end-point of 
physiological changes. In total, 65 patients were 
allocated NIV, 16 of these 65 patients had to be 
intubated and 49 patients were treated success-
fully without the need for intubation. In compari-
son, of the 65 patients included in the standard 
therapy arm 13 patients were intubated and 52 
patients were treated successfully without intuba-
tion. The NIV group was found to have a signifi -
cantly better improvement of the oxygenation in 
the fi rst 3 h after start of treatment. In addition, 

CPAP Standard treatment Risk reduction in 
mortality %

Risk reduction for 
intubation rate %

Total Intubated Mortality Total Intubated Mortality

Rasasson et al. 1985 20 6 3 20 12 6 -15 -30

Bersten et al. 1991 19 0 2 20 7 4 -9.5 -35

Lin et al. 50 8 4 50 18 6 -4 -20

Pooled data 89 14 9 90 37 16 -6.6 -26

Table 1 The effect of CPAP on hospital mortality in cardiogenic pulmonary oedema patients
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Pre-clinical NIV
It has recently been thought that NIV could be 
applied in the pre-clinical setting in ambulances or 
in patients’ homes to relieve symptoms of dyspnoea 
immediately. Several devices with NIV modes are 
becoming available that could be used by paramed-
ics in the pre-clinical setting. However, these devices 
are currently very expensive and are not widespread. 

There are several systems on the market, for 
example the Boussignac CPAP system (Vitaid Ltd, 
Toronto, Canada), which uses microchannels to 
force oxygen through the system to accelerate the 
molecules which then get defl ected into a central 
area where they collide creating positive pressure. 
The system is powerful enough to produce a CPAP 
of ~8 mL of water and there has been fi rm data to 
suggest that the device does work [9].

Currently there are studies going on in Ger-
many to examine the benefi ts of using port-
able CPAP devices that can be used before the 
patient reaches the hospital. Preliminary results 
from one of these studies have been reported, 
which included 100 patients treated with the 
device who were later confi rmed to have pulmo-
nary oedema or chronic obstructive pulmonary 
disease [10]. The report has documented the 
opinion of the paramedic or doctor at the scene 
of the emergency using the ventilation systems. 
In general, a reduction in respiratory rate, blood 
pressure and heart rate was observed after treat-
ment with the CPAP device. The opinion of the 
paramedic or doctor was taken into account and 
in total 52% rated the clinical situation after 
using the CPAP device much improved and 40% 
rated it improved. In addition, 59% of medical 
professionals avoided intubation after using the 
device and 32% thought intubation was not 
necessary after CPAP treatment. Therefore, this 
is an interesting topic which should be consid-
ered an option for the development of NIV treat-
ment, especially in heart failure patients. 

in combination with standard medical treat-
ment are good options in the acute setting for 
cardiogenic oedema patients as they will pro-
vide more immediate relief compared to the 
patients with standard therapy. What to do in 
the clinical setting is still a diffi cult decision, as 
patients with heart failure generally have differ-
ent associated diseases, for example pulmonary 
disease, chronic obstructive pulmonary disease 
and effects from smoking. Therefore, it is impor-
tant to make treatment decisions based on the 
individual and what the risks and benefi ts are in 
that particular case. 

CPAP can be considered as fi rst line treat-
ment in patients with acute cardiogenic pulmo-
nary oedema. CPAP equipment is, in general, not 
very complex and cheap. In addition, a number 
of simple systems allow the delivery of 100% 
oxygen. In the majority of other patients, medical 
therapy should be instigated as the primary treat-
ment of acute cardiogenic pulmonary oedema, 
and CPAP or NIV should be applied in patients 
who have signifi cant respiratory distress and fail-
ure, or those not improving with standard medi-
cal treatment.

Until today, there is still some concern about 
myocardial infarctions during NIV in patients 
with advanced cardiac insuffi ciency. This con-
cern was prompted by a paper by MEHTA et al. 
[8], published in 1997 that compared CPAP 
and NIV in patients with acute cardiogenic pul-
monary oedema. The study found that the rate 
of myocardial infarction was higher in the NIV 
group compared with the CPAP group. All later 
performed studies with much larger cohorts 
could not confi rm these fi ndings. Myocardial 
infarction rates are low, independent of CPAP 
or NIV application and both modes of ventila-
tion are not contraindicated in patients with 
angina. However, more caution should be taken 
in patients with severe cardiac arrhythmia who 
might need defi brillation. 
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