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Acute Acute 
Pulmonary Pulmonary 

EdemaEdema
a true life -
threatening 
emergency



Non invasive ventilationNon invasive ventilation



CPAP MechanismCPAP Mechanism

�� Increases pressure within Increases pressure within 
airway.airway.

�� Airways at risk for Airways at risk for 
collapse from excess fluid collapse from excess fluid 
are stented open.are stented open.

�� Gas exchange is Gas exchange is 
maintainedmaintained

�� Increased work of Increased work of 
breathing is minimizedbreathing is minimized



ESC GUIDELINES, 2005



ESC GUIDELINES, 2005

http://www.escardio.org/knowledge/guidelines/guidel ines_list.htm



POSITIVE PRESSURE VENTILATION: WHAT TELL US 
THE PHYSIOLOGY AND THE PATHOPHYSIOLOGY ?

EXPERIMENTALLY OR IN THE HEALTHY VOLUNTEER, 

• INTRATHORACIC PRESSURE
• VENOUS RETURN
• ENDDIASTOLIC FILLING PRESSURES 
• STROKE VOLUME 
• MYOCARDIAL OXYGEN CONSUMPTION
• CARDIAC WORK

UNDER POSITIVE PRESSURE VENTILATION

Peters J et al. J Appl Physiol 1988;64:1518-26



Haemodynamic effect of CPAP in healthy
volunteers / pts with congestive cardiac

failure

�� EffectsEffects of CPAP onof CPAP on
cardiaccardiac indexindex

�� 12 12 patientspatients withwith normal normal 
leftleft ventricularventricular functionfunction
and CI and CI ≥≥ 2.5 L/min/m2.5 L/min/m 22

�� 12 12 patientspatients withwith chronicchronic
congestivecongestive cardiaccardiac
failurefailure and  CI and  CI ≤≤ 2.5 2.5 
L/min/mL/min/m 22
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Kotanidou A et al. J Crit Care 1997;12:101-11



PathophysiologyPathophysiology
RESULTS:RESULTS:

�� INCREASED PULMONARY INCREASED PULMONARY 
CAPILLARY PRESSURESCAPILLARY PRESSURES

�� PULMONARY FLUID PULMONARY FLUID 
TRANSUDATIONTRANSUDATION

�� INCREASED PAP, DECREASED INCREASED PAP, DECREASED 
COMPLIANCE, BRONCHOSPASMCOMPLIANCE, BRONCHOSPASM

↑↑Elastic work (stiff lungs)Elastic work (stiff lungs)

↑↑Resistive work (airway Resistive work (airway 

obstruction)obstruction)



CPAP IN CARDIOGENIC PULMONARY EDEMA

Räsänen J et al. Chest 1985, 87:158-162

Spontaneous ventilation,
without CPAP



IntrathoracicIntrathoracic Pressures and LV Function: Pressures and LV Function: 
spontaneous ventilation without CPAPspontaneous ventilation without CPAP

AOAO

LVLV

ITPITP � effort = � ITP = �Ptm

�
� LV afterload

�� effort = effort = �� ITP = ITP = ��PtmPtm

��
�� LV LV afterloadafterload

100

-20

Ptm = 100-(-20) = 120 mmHg



CPAP IN CARDIOGENIC PULMONARY EDEMA

Räsänen J et al. Chest 1985, 87:158-162

CPAP



IntrathoracicIntrathoracic PressuresPressures
and LV function: CPAP 15 mmHgand LV function: CPAP 15 mmHg

AOAO

LVLV

ITPITP � effort = � ITP = � Ptm

�
� LV afterload

�� effort = effort = �� ITP = ITP = �� PtmPtm

��
�� LV LV afterloadafterload

100

-5

Ptm = 100-(-5) = 105 mmHg



LV failureLV failure

Pulmonary
edema

Pulmonary
edema

� Pulmonary
compliance

� Pulmonary
compliance

� Airway
resistance
� Airway

resistance

� Negative
intrathoracic

pressure
swings

� Negative
intrathoracic

pressure
swings

� LV 
transmural
pressure

� LV 
transmural
pressure

� O2
cost of 

breathing

� O2
cost of 

breathing

� LV afterload� LV afterload

++

THE HEMODYNAMIC THE HEMODYNAMIC 

AUTOAUTO--AGGRAVATIONAGGRAVATION

PHENOMENON IN  PHENOMENON IN  

PULMONARY EDEMAPULMONARY EDEMA



LV failureLV failure

Pulmonary
edema

Pulmonary
edema

�
Pulmonary
compliance

�
Pulmonary
compliance

� Airway
resistance
� Airway

resistance

Negative
Intrathoracic

Pressure
Swings

Negative
Intrathoracic

Pressure
Swings

�
Work of 

breathing

�
Work of 

breathing

� CO� CO

� PaO2� PaO2
Respiratory

muscle
fatigue

Respiratory
muscle
fatigue

� DaO2� DaO2

++

↑ PaCO2 

THE        AUTOAGGRAVATION
PHENOMENA DURING 
CARDIOGENIC LUNG EDEMA



CPAP

� ITP � FRC

Venous return

� Pre-load
Ptm

� LVafterload

� PaO2 �WOB

� Cardiac performance
� Pulmonary congestion

HEMODYNAMIC AND RESPIRATORY
EFFECTS OF CPAP









CPAP vs standard CPAP vs standard treatmenttreatment ]]



CPAP in CARDIOGENIC PULMONARY EDEMA

Endotracheal

Intubation

Mortality

Pang et al. Chest 1998;114: 1185-1192

Favors CPAP Favors conventional 

treatment



CPAP or BiPAP IN ACUTE

CARDIOGENIC LUNG EDEMA ??



Rusterholtz T et al. Intensive Care Med 1999; 25: 21 -28
[ n = 26 , some hypercapnic ]

“ Among patients with acute cardiogenic lung edema,
those who are hypercapnic could benefit more from 
NIPSV.
NIPSV should be avoided in patients with AMI “. 

MESSAGE 1: HYPERCAPNIA MAY PREDICT NIPSV-SUCCESS
MESSAGE 2: BE CAREFUL IN PATIENTS WITH AN ONGOING A MI



NIPSV

Medical therapy

n = 130



n=130

MESSAGE: NIPSV IN ACUTE CARDIOGENIC LUNG EDEMA 

WORKS BETTER IN PATIENTS PRESENTING WITH HYPERCAPNIA



Intensive Care Med  2005; 31: 807-811

Elegibility 60 pts

Randomized 36 pts

CPAP [ 10 cm H2O ] 18 pts

BiPAP [ 15 IPAP and 5 EPAP ] 18 pts

Exclusion:
Pts requiring immediate intubation
Impaired level of consciousness
Pts with PaCO2 ≤ 45 mmHg
COPD
SBP<90 mmHg



THE STUDY WAS POWERED TO DETECT A 10- MIN DIFFERENCE
IN “CLINICAL RESOLUTION OF CPE” [ clinical improveme nt, RR
less than 30 breaths/min and Sp02 ≥96% ]

As a conclusion , the Aa pointed out that CPAP proved 
as effective as NIPSV even in the treatment of 
hypercapnic pts with acute PE

IS THERE AN ADVANTAGE OF NIPSV AGAINST CPAP
IN HYPERCAPNIC PATIENTS WITH CPE ?



CPAP

BiPAP

OXYGEN

CUMULATIVE SURVIVAL AT 15 DAYS

None developed AMI after randomization



MESSAGE: CPAP AND BiPAP ARE EQUIVALENT 
EFFICIENT TECHNIQUES



Original Article

Noninvasive Ventilation in Acute Cardiogenic 
Pulmonary Edema

Alasdair Gray, M.D., Steve Goodacre, Ph.D., David E. Newby, M.D., Moyra Masson, 
M.Sc., Fiona Sampson, M.Sc., Jon Nicholl, M.Sc., for the 3CPO Trialists

N Engl J Med
Volume 359(2):142-151

July 10, 2008



Study Overview

��Noninvasive ventilation (either Noninvasive ventilation (either 
continuous positive airway pressure or continuous positive airway pressure or 
noninvasive intermittent positivenoninvasive intermittent positive--
pressure ventilation) had pressure ventilation) had no effect on 7no effect on 7 --
day or 30day or 30 --day mortalityday mortality in patients with in patients with 
cardiogenic pulmonary edema, as cardiogenic pulmonary edema, as 
compared with standard oxygen therapycompared with standard oxygen therapy
��Noninvasive ventilation should be used Noninvasive ventilation should be used 

only to relieve symptoms and correct only to relieve symptoms and correct 
metabolic disturbancesmetabolic disturbances



Kaplan-Meier Survival Curves

Gray A et al. N Engl J Med 2008;359:142-151



Primary and Secondary End Points for Patients Recei ving Standard Oxygen Treatment and 
Those Receiving Noninvasive Ventilation (CPAP or NI PPV)

Gray A et al. N Engl J Med 2008;359:142-151



Primary and Secondary End Points for Patients Recei ving CPAP and Those Receiving NIPPV

Gray A et al. N Engl J Med 2008;359:142-151



Conclusion

�� In patients with acute cardiogenic In patients with acute cardiogenic 
pulmonary edema, noninvasive pulmonary edema, noninvasive 
ventilation ventilation induces a more rapid induces a more rapid 
improvement in respiratory distressimprovement in respiratory distress
and metabolic disturbance than does and metabolic disturbance than does 
standard oxygen therapy but has standard oxygen therapy but has no no 
effect on shorteffect on short --term mortalityterm mortality



Treatment of Patients

Gray A et al. N Engl J Med 2008;359:142-151





cmH2O. 



�� CPAP was used for 60CPAP was used for 60 min [40, 65] (median [Q1, Q3]) in the min [40, 65] (median [Q1, Q3]) in the 
prepre--hospital setting and 120hospital setting and 120 min [60, 242] in ICU and was min [60, 242] in ICU and was 
well tolerated in all patients.well tolerated in all patients. Treatment was Treatment was 
successful in 79% of patients in the CPAP successful in 79% of patients in the CPAP 
group and 63% in the control group group and 63% in the control group 
((pp == 0.01),0.01), especially for persistence of inclusion criteria after 2especially for persistence of inclusion criteria after 2 h h 

(12 vs. 26%) and for intubation criteria (4 vs. 14%).(12 vs. 26%) and for intubation criteria (4 vs. 14%). CPAP was CPAP was 
beneficial irrespective of the initial PaCO2 or beneficial irrespective of the initial PaCO2 or 
left ventricular ejection fraction. left ventricular ejection fraction. 
�� ConclusionConclusion

�� Immediate use of Immediate use of CPAP in outCPAP in out --ofof --hospital hospital 
treatmenttreatment of CPE and until CPE resolves after of CPE and until CPE resolves after 
admission significantly improves early outcome admission significantly improves early outcome 
compared with medical treatment alone. compared with medical treatment alone. 





NIPSV



NoninvasiveNoninvasive VentilationVentilation inin AcuteAcute CardiogenicCardiogenic
PulmonaryPulmonary EdemaEdema : A : A MetaMeta--AnalysisAnalysis ofof RandomizedRandomized

ControlledControlled TrialsTrials
J J MarianiMariani et alet al

�� JournalJournal ofof CardiacCardiac FailureFailure
VolumeVolume 17, 17, IssueIssue 1010 , , PagesPages 850850--859, 859, OctoberOctober 2011 2011 

�� AtAt totaltotal ofof 34 34 studiesstudies(3,041 (3,041 patientspatients)) werewere
includedincluded. . InIn directdirect comparisonscomparisons, , bothboth CPAP CPAP andand NIPPV NIPPV reducedreducedthethe
riskrisk ofof deathdeath ((relativerelative riskrisk [RR] 0.64, 95% CI 0.44[RR] 0.64, 95% CI 0.44––0.93; RR 0.80, 95% 0.93; RR 0.80, 95% 
CI 0.58CI 0.58––1.10; 1.10; respectivelyrespectively) ) comparedcomparedwithwith ST, ST, althoughalthough onlyonly CPAP CPAP 
hadhad a a significantsignificant effecteffect. . ThereThere werewere nono significantsignificant differencesdifferencesbetweenbetween
NIPPV NIPPV andand CPAP. CPAP. PooledPooledresultsresults ofof directdirect andand adjustedadjusted indirectindirect

comparisonscomparisonsshowedshowedthatthat comparedcomparedwithwith ST,ST, bothboth CPAP CPAP andand
NIPPV NIPPV significantlysignificantly reducedreducedmortalitymortality (RR (RR 
0.63, 95% CI 0.440.63, 95% CI 0.44––0.89; RR 0.73, 95% CI 0.550.89; RR 0.73, 95% CI 0.55––0.97; 0.97; respectivelyrespectively).).
�� ConclusionsConclusions
�� OurOur findingsfindings suggestsuggestthatthat amongamongACPE ACPE patientspatients, NIV , NIV 

delivereddelivered throughthrough eithereither NIPPV NIPPV oror CPAP CPAP reducedreduced
mortalitymortality ..



ESC GUIDELINES, 2008 IIa
Non-invasive ventilation
NIV with positive end-expiratory pressure

(PEEP) should be considered as early as possible in ACMO 
and hypertensive AHF
as it improves clinical parameters including respiratory distress

NIV should be used with caution in cardiogenic shock
and right ventricular failure.
Class of recommendation IIa, level of evidence B

Key points
Intubation and mechanical ventilation should be restricted to
patients in whom oxygen delivery is not adequate by oxygen
mask or NIV, and in patients with increasing respiratory failure
or exhaustion as assessed by hypercapnia.



�Contraindications

�Patients who cannot cooperate
(unconscious patients, severe
cognitive impairment, or anxiety)

� Immediate need of endotracheal
intubation due to progressive

life-threatening hypoxia

� Caution in patients with severe obstructive airways
disease



Long -term ventilation 

non-invasive

• wake and co-operative patients
• patients should be able to 

swallow and cough
• patients with the ability of 
spontaneous breathing 
of up to 4 hours

invasive

• patients being 24 h ventilator 
dependent 

• patients who are not awake
• patients with insufficient or no 

ability to swallow or to cough
• extreme production of secretions

switching is possible at any time 



How to use non -invasive ventilation
Initiation

A PEEP of 5–7.5 cmH2O should be applied
first and titrated to clinical response up to 10 
cmH2O; FiO2 delivery should be 0.40.

Duration
Usually 30 min/h until patient’s dyspnoea and
oxygen saturation remain improved without
continuous positive airway pressure (CPAP)



SummarySummary

�� CPAP provides an adjunct between CPAP provides an adjunct between 
oxygen by NRB and endotracheal oxygen by NRB and endotracheal 
intubationintubation

�� Reduces length of hospital admissionReduces length of hospital admission

�� Reduces trauma of intubationReduces trauma of intubation

�� Reduces costs Reduces costs 

��Mortality ?Mortality ?




