
 

 

 

 

 

ACUTE CARDIOGENIC PULMONARY EDEMA 

 

“The Fighting Temeraire Tugged to Her Last Berth to be Broken Up, 1838”, J. M. W. Turner 

Oil on Canvas National Gallery, London. 

 

The last of the great “Men of War” that fought at Trafalgar is towed away in 1838 to be 

broken up for scrap at the Rotherhithe docks. 

 

“The large Men of War, with their three major tiers of guns were beautiful, terrible (in the 

old sense of inspiring terror), and awesome fighting machines. Turner’s painting presents a 

wrenchingly dramatic view of the Temariare’s last trip. The great Man of War, ghostly white, 

still bears its three masts proudly, with light rigging in place, and sails furled on the yards. 

The small steam tug, painted dark red to black, stands in front, smoke belching from its tall 



stack to obscure part of the Temariare’s mast behind. One of Turner’s most brilliant sunsets - 

with clear metaphorical meaning – occupies the right half of the painting. The most majestic 

and heart – stopping product of the old order sails passively to her death, towed by a 

relatively diminutive object of the new technology.” 

 

“The Great Western and the Fighting Temariare”, Stephen Jay Gould. 

 

The old 20
th

 century notion of treating Acute Pulmonary Edema with morphine and 

frusemide, although much cherished, like the Temariare is now obsolete and has been 

“towed” away and replaced by new 21st century notions (IV nitrates) and technology (Non-

Invasive Ventilation).  

 

 

ACUTE CARDIOGENIC PULMONARY EDEMA 

 

Introduction 

 

Acute pulmonary edema (often termed simply APO) can be caused by two main mechanisms. 

Firstly, acute elevations in pulmonary microvascular pressures due to acute elevations in 

intracardiac chamber pressures and secondly, acute direct lung injury resulting in increased 

pulmonary vascular permeability. In both cases alveoli become filled with edema fluid 

resulting in hypoxia and severe respiratory distress. 

 

Pulmonary edema that is due to direct lung injury is generally termed acute respiratory 

distress syndrome (ARDS) whilst pulmonary edema which is due to acute elevations in 

pulmonary microvascular pressures is termed acute cardiogenic pulmonary edema.  

 

The pathophysiology of these two conditions is therefore quite different and accordingly the 

approach to treatment is different. 

 

This document relates specifically to acute cardiogenic pulmonary edema.  

 

Acute cardiogenic pulmonary edema manifests clinically as the rapid onset of severe and life 

threatening respiratory distress. 

 

The treatment of APO involves oxygenation through the use of non-invasive ventilation 

techniques, IV nitrate therapy and the correction of any possible underlying 

precipitating or aggravating pathology.   

 

Pathophysiology 

 

It is important to note that acute cardiogenic pulmonary edema (or “flash pulmonary 

edema” in North American parlance) is a distinct disease entity from “exacerbation of 

chronic cardiac failure (CCF)” 

 

Exacerbation of CCF commonly involves a gradual onset of dyspnea due to ongoing fluid 

retention, with consequent lung congestion, whilst true acute cardiogenic pulmonary edema is 

commonly due to an acute ischemic event resulting in cardiac diastolic or systolic dysfunction 

that is unrelated to acute volume overload. Acute diastolic failure may also be caused by 



pathophysiological processes related to hypertension and atherosclerotic non compliant 

vessels without an obvious ischemic event. Less commonly the acute episode may be 

secondary to other primary events such as acute valvular disorders or arrhythmia.  

 

The acute cardiac dysfunction that occurs from an episode of myocardial ischemia results in 

elevated cardiac end diastolic pressures which in turn result in elevated pulmonary 

microvascular pressures and the development of acute cardiogenic pulmonary edema. There 

is a reduction in cardiac output with subsequent strong activation of the sympathetic nervous 

system and the renin-angiotensin system. This results in elevated blood pressures and 

increased afterload effects on the heart initiating a viscous cycle of increased myocardial 

oxygen demand and further reduction in cardiac output.
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In chronic heart failure there are homeostatic mechanisms that lead to fluid retention and 

pulmonary congestion. In APO there may or may not be initial fluid overload, however the 

primary pathophysiology will not be dependent on the baseline fluid status. In fact many of 

these patients are hemoconcentrated on presentation due to the accumulation of up to 2 liters 

of fluid in their lungs. They may then appear hemodiluted 24 hours later when they are in the 

recovery phase. In other words they appear to be tolerating a greater plasma volume at this 

time, which is suggestive that the problem is not primarily a fluid overload issue. In most 

cases of APO the issue is not so much fluid excess; rather it is a case of fluid in the wrong 

“compartment”, (intra-alveolar, rather than intra-vascular)
 2

 

 

As such the treatment of APO is different from “exacerbation of CCF”. The emphasis in the 

latter is a reduction of intravascular volume whilst in the former it is a redistribution of 

volume.  

 

Clinical Assessment 

 

Acute cardiogenic pulmonary edema is a clinical diagnosis. 

 

It involves the following clinical features: 

 

Important points of History 

 

1. The rapid onset of severe dyspnea. 

 

● Explosive onset, particularly after going to bed argues for APO rather than 

COPD/asthma or infection or exacerbation of chronic heart disease.  

 

2. Past history 

 

● Past history is important, cardiovacsular disease argues for APO, whilst lung 

disease argues for COPD/asthma 

 

 ● Fever and productive cough argues for infection 

 

 Note however that all these disease entities can co-exist. 

 

3. Enquire about any chest pain, ACS is the most common precipitating event. 



 

Important points of Examination 

 

1. Respiratory distress can be severe and the patient may be unable to talk. 

 

 ● Oxygen saturation levels can be severely compromized. 

 

2. Agitation is often seen due to: 

 

● Patient hypoxia/ hypercarbia 

 

● Anxiety, (the patient will often have an alarming sense of “drowning” and 

impending doom).  

 

3. Sympathetic activation: 

 

 There is evidence of extreme sympathetic activation with:  

 

 ● Anxiety/ restlessness 

 

 ● Tachycardia 

 

 ● Hypertension: 

 

 ♥ Hypotension is an ominous sign - indicating the onset of frank 

cardiogenic shock. 

 

 ● Poor peripheral perfusion: 

 

♥ Ashen colour, pale, sweaty cool periphery and reduced capillary return 

 

 ● Tachypnoea often accompanied by accessory muscle use. 

 

4. Lung auscultation: 

 

● Crepitations are heard and are usually widespread, (often described as “full 

field”). 

 

● On occasions only a wheeze may be detected, (so called “cardiac asthma”)  

 

 

5. An altered conscious state will be seen in severe hypoxia or hypercarbia. 

 

6. The patient may become exhausted due to the increased work of breathing. 

 

Investigations 

 

Note that investigation should never delay the immediate initiation of treatment. 

 



 

Blood tests: 

 

1. FBE 

 

2. CRP 

 

3. U&Es/ glucose 

 

4. Troponin level, (an ischemic event will often be the precipitating cause) 

 

5. BNP (B type natriuretic peptide): 

 

● Where available, may be useful to biochemically assist in confirming or ruling 

 out a diagnosis of acute heart failure when differentiation from other disease 

 processes is more difficult. 

 

6. Arterial blood gases: 

 

● These are not generally necessary in the immediate treatment of APO as the 

 management will initially be guided by the severity of the clinical signs of the 

 patient.  

 

● In any event attempts at blood gases will be problematic in the very distressed 

 patient. Once the patient is stabilized ABGs may be done to monitor response 

 to treatment.  

 

ECG: 

 

In particular to look for evidence of: 

 

● Myocardial ischemia/ infarction   

 

● Arrhythmias. 

 

CXR: 

 

To confirm the diagnosis. This is particularly useful in cases where differentiation from an 

acute exacerbation of COPD, asthma or pneumonia is difficult to determine on clinical 

grounds.   

 

The typical finding in APO will be cardiomegaly with bilateral infiltrates (interstitial early but 

quickly followed by an alveolar pattern), most commonly in the bat’s wings distribution. Note 

however that on occasions the patchy changes may be predominantly one sided.   

 

Look for other pathology, (including ruling out a pneumothorax which is important if the 

patient is to receive CPAP) Note however that x-ray should never delay the initiation of 

CPAP.  

 



If the lung fields appear relatively clear then consider:  

 

● Asthma/ COPD (especially if other signs of these are present) 

 

● Pericardial effusion / cardiac tamponade  

 

See Appendix 1 below. 
 

Bedside Ultrasound/ Echocardiography: 

 

Bedside Ultrasound, in skilled hands can give useful information: 

 

1. Confirming the presence of APO: 

 

● Poor global cardiac contractility  

 

● Sonographic lung features of pulmonary edema (see also Sonography of the 

 Lungs in Radiology folder).    

 

● Full / congested jugular veins   

 

2. On possible underlying causation, such as: 

 

● Regional wall motion abnormalities indicating myocardial infarction   

 

● Valvular incompetence lesions   

 

Management 

 

Current treatment of APO has shifted away from the use of morphine and frusemide 

(see appendix 1 below) to the primary role of oxygenation and reduction in the work of 

breathing by the use of non-invasive ventilation techniques together with the use of 

titratable IV nitrates. 

Oxygenation: 

 

Patients who die from APO do so from hypoxia and there has never been any question of 

oxygen’s critical role in the management of this condition. What has revolutionized the 

treatment of APO however is the way in which oxygen is now delivered via the means of 

non-invasive ventilation devices, (CPAP or continuous positive airway pressure devices and 

BIPAP or bilevel positive airway pressure devices). 

 

Non invasive ventilation devices now represent the standard first line treatment for 

APO. 
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Both the efficacy and safety of non-invasive ventilation have been well established. There is a 

reduced need for intubation in both types of ventilation and in the case of CPAP reduced 

mortality when compared to medical therapy. 
7
 No significant advantage of one type of non-

invasive ventilation over the other (CPAP or BIPAP) has been demonstrated to date, so the 

actual choice of modality will depend on the equipment and expertise that is available. 
8
 



 

Non invasive pressure support ventilation devices provide a range of significant physiological 

benefits in the treatment of patients who present with APO, including: 

 

● The provision of accurately delivered oxygen concentrations of up to 100%   

 

● Reduction in preload, (reduction of venous return) 

 

● Reduction in afterload (via mechanisms related to elevated intrathoracic pressures in 

relation to the systemic vascular resistance) 
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● Reduction in the work of breathing. 

 

● Recruitment of alveoli (with subsequent improved oxygenation of the FRC) 

 

● Reduction in intra alveolar edema fluid by a redistribution into the lung intertstitium. 

This results in improved oxygenation probably through a complex variety of a number 

of different mechanisms. It should be noted that the total amount of lung water 

however stays much the same. This point has important implications in weaning, (see 

below).  

 

Nitrates: 

 

Nitrates are a far more effective means of producing venodilation than either morphine or 

frusemide. 
2
 They do not have the dangerous sedating effects of morphine nor do they have 

the neurohumoral activating effects of frusemide. In addition to their preload reducing 

properties they also posses the benefits of afterload reduction via arteriolar vasodilation and 

improvement in coronary artery perfusion which is beneficial in cases of myocardial ischemia 

a leading factor in the development of APO. Nitrates are thus ideally suited to the treatment 

of APO. There is evidence that nitrates are superior to morphine and frusemide in the 

prehospital setting and that the latter combination may even be detrimental. 
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There is evidence that nitrate administration via the sublingual or transdermal routes are 

effective in APO 
10,11

 and this is useful in the prehospital setting. In the hospital Emergency 

department setting however the IV route is preferred. The rapid onset of action that the IV 

route affords is preferred in the acutely and severely dyspneic patient. IV nitrate 

administration can be more reliably and accurately titrated to the blood pressure response and 

because the effect is short lived can be immediately ceased should hypotension occur.  

 

The modern treatment of APO can thus be summarized: 

 

Treatment in the pre-hospital setting: 

 

1. Sit the patient as upright as possible. 

 

2. Give high flow oxygen therapy (15 litres per minute by an oxygen mask fitted with 

an oxygen reservoir to maximize the FiO2 that is delivered) 

 

3. Nitrates, providing the patient is not hypotensive (systolic pressure < 100 mmHg) 



 

● Give sublingual nitrate (as able to be tolerated by a distressed patient) 

 

 Or 

 

 ● Transdermal nitroglycerin patch.  

 

4. Arrange for urgent ambulance transport to hospital. 

 

 ● Many ambulance services are now able to provide CPAP treatment, on 

  route to the Emergency Department. 

 

Treatment in the Emergency Department:  

 

1. Oxygenation; Non Invasive Ventilation: 

 

Commence non-invasive ventilation with 100% oxygen. This is the most 

important and immediately life-saving acute intervention. 

 

Note that studies comparing CPAP versus BIPAP have not shown any significant 

difference in intubation rates, ICU admissions or death.  

 

Nevertheless CPAP is usually the preferred modality for APO. BIPAP is preferred if 

the patient has underlying COPD or acute on chronic respiratory acidosis.          

 

● In CPAP devices commence with 10 cm of water pressure support.  

 

● In BIPAP devices commence with 10 cm of water pressure of IPAP and 4 cm 

 of water EPAP. 

 

2. Establish IV access. 

 

3. Establish monitoring: 

 

 ● Non invasive blood pressure measuring. 

 

● Continuous pulse oximetry, (although readings may be inaccurate in the 

severely vasoconstricted patient and clinical findings will initially be of greater 

significance in judging hypoxia)   

 

 ● Continuous ECG monitoring.  

 

● Invasive arterial blood pressure monitoring is often problematic in the acutely 

dyspneic patient and attempts to place these should not delay definitive 

management in the first instance.  

 

 Once the patient has stabilized invasive arterial monitoring is useful for 

monitoring the blood pressure of patients who are on continuing nitrate 

infusions and who require serial blood gas analysis.  



 

4. Morphine: 

 

Morphine should not be routinely used for APO, and it may significantly impair 

respiratory drive and/ or reduce conscious state, both potentially dangerous effects in 

an patient with APO     

 

● For extreme patient anxiety small titrated doses of IV morphine, may used 

 with caution and close monitoring.  

 

 Note that the use of morphine is not to treat the APO itself, but rather to reduce 

 anxiety in order to allow for NIV, (See also Appendix 2 below). 

 

5. Nitrates: 

 

 Commence treatment with IV nitrates, providing the patient is not hypotensive. 

 

● GTN infusion may be started at 5 micrograms per minute and rapidly titrated 

upward to achieve a desired mean arterial pressure of 90-100 mmHg. 

 

6. Frusemide: 

 

● Frusemide is not routinely indicated in APO, most patients will not be fluid 

 overloaded or indeed may be intravascularly deplete. Large doses can active 

 detrimental neuro-humoral sympathetic reflexes resulting in further 

 deterioration of the patient.     

 

● The only situation when Frusemide may prove beneficial is clear situations of 

 fluid over load, as in iatrogenic excessive administration of fluids.   

 

7. The hypotensive patient: 

 

● Note that the majority of patients who develop APO will be hypertensive due 

to extreme sympathetic and neurohumoral activation.  

 

 If there is significant hypotension then the patient has cardiogenic shock 

which should be considered a separate disease entity with its own separate 

treatment regime.  

 

 The patient who has cardiogenic shock is either in pre-terminal hypoxic APO 

or has another significant underlying pathology such as extensive myocardial 

infarction. 

 

8. Intubation and ventilation: 

 

The timely treatment of patients with APO by means of non-invasive ventilation has 

meant that the need for intubation has been greatly reduced. Nonetheless on occasions 

this will still be necessary when patients fail to respond to maximal treatment with 

non-invasive ventilation and nitrates. 



 

The indications for intubation in patients will include:  

 

 ● Patient exhaustion 

 

● A declining level of consciousness or increasing confusion and agitation. 

 

● A rising PaCO2 

 

● Failure to maintain an adequate oxygenation saturation (> 90 %) or PaO2  

 

Ventilation settings for intubated patients with APO: 

 

Patients with pulmonary edema have restricted or stiff lungs and so require a 

restrictive lung ventilation strategy.   

 

Therefore use: 

 

● High inspired oxygen levels (100%) 

 

● Lower tidal volumes: 

 

 ♥ Should not exceed 6mls /kg 

 

♥ In severe cases this may need to be reduced to 3 - 4 ml/kg ideal body 

 weight, especially if peak airway pressure is > 35 - 40 cm H20. 

 

● Increased frequency to maintain the desired alveolar ventilation. 

 

 ♥ Often rates of 18-25 / minute are used. This will reduce expiratory 

  time,  increase the I:E ratio and maintain minute volume. 

 

● PEEP: 

 

♥ Increase by 5 cm H2O increments until FiO2 < 0.6 and SpO2 ≥ 88 %, 

 and the blood pressure is > 100 systolic. 

 

♥ Often a PEEP level of 10-20 cm H2O is required. 

 

♥ The goal is to minimize alveolar collapse (“de-recruitment”), increase 

 lung compliance and improve oxygenation.  

 

● I:E ratio: 

 

♥ By increasing the frequency (+/- the inspiratory time) the I:E ratio 

 should  increase to > 1:1.  

 

♥ Consider increasing the inspiratory time, e.g. to 1.2 - 1.8 seconds if 

 hypoxia persists. 



 

♥ Sometimes an I:E ratio of 2:1 or 3:1 or even higher is required. 

 

9. Attention to any precipitating event. 

 

● Attention should be paid in particular to looking for any evidence of an acute 

coronary syndrome – in particular myocardial infarction.  

 

 Serial ECGs and cardiac troponin levels should be checked and acted upon as 

indicated. 

 

  Myocardial infraction will necessitate urgent reperfusion, once the patients is 

  stabilized.    

 

Disposition: 

 

Acute cardiogenic pulmonary edema tends to be a relatively evanescent process.  

 

Despite being initially very unwell patients tend to improve rapidly with non-invasive 

ventilation and nitrates.  

 

This is in stark contrast to patients who present in respiratory distress due to other common 

causes of acute severe dyspnea such as asthma, COPD or pneumonia.  

 

Many APO patients on the other hand can be weaned from their non-invasive ventilation and 

nitrate infusions over a period of hours whilst still under observation in the Emergency 

Department.  

 

Patients can improve remarkably quickly on non-invasive ventilation but it should be noted 

that a premature weaning can result in a recurrence of symptoms due to a rise in afterload.  

Furthermore whilst there is a reduction in alveolar fluid this will merely be into the 

interstitium initially and if the patient is weaned prematurely there is the potential for this 

fluid to re-enter the alveoli with a consequent return of symptoms and so there needs to be 

adequate time allowed for reversal of the underlying pathology. 

 

Many patients will be suitable for a general ward bed following weaning despite their 

alarming initial presentation providing there is no major precipitating event such as 

myocardial infarction.  

 

Those who are unable to be weaned from their non-invasive ventilation and nitrate infusions 

within a reasonable time frame will in most institutions require ongoing management in an 

ICU or HDU setting. 

 

 

 

 

 

 

 



Appendix 1 

 

 

The typical appearance of acute cardiogenic pulmonary edema, showing the classic bilateral 

“bats wing” pattern of alveolar type pulmonary infiltrates. 

 

 

 

 

 

 

 

 

 

 

 

 



 

Appendix 2 

 

Note on morphine and frusemide: 

 

Traditionally the treatment of acute cardiogenic pulmonary edema included the routine use of 

intravenous frusemide and morphine based on an incomplete understanding of the true 

pathophysiology of the condition. 

 

The routine use of morphine is no longer recommended. It was given for its venodilatory 

(preload reduction) effects and for the relief of patient anxiety. Nitrates are far more effective 

venodilating agents as well as having a range of other beneficial effects such as reduction in 

myocardial oxygen demand, reduction of afterload and improvement in coronary artery 

perfusion. Morphine sulphate has not been shown to alter morbidity or mortality in the 

setting of APO and has been associated with an increased incidence of intubation and ICU 

admission. 
3,4

 The respiratory depressant effects in a severely dyspneic patient represent a 

significant hazard.  There are well documented reports of patients requiring naloxone for life 

threatening cardiovascular and respiratory depression when morphine is given in the setting 

of APO. 
5
 The only indication for its use may be in small titrated doses to relieve patient 

anxiety in order to improve compliance with non-invasive ventilation. This should only be 

done however with the supervision of an experienced clinician. 

 

Despite frusemide being widely used for APO there is no good evidence to support its use in 

this setting. There is good rationale for its use in chronic heart failure, where the 

predominant problem is fluid retention however this does not extend to the APO setting. Its 

traditional use in APO has been based on a belief in the beneficial effects of inducing a 

diuresis to off load volume and in its venodilating properties, reducing venous return. There 

are two problems with the off loading volume theory. The first is that most patients who 

develop APO are not acutely volume overloaded (apart from the obvious cases of iatrogenic 

fluid overload). In fact the problem lies more in a maldistribution of fluid rather than there 

being too much fluid. Patients in fact may be intravascular volume contracted during APO, 

the volume having been lost into the lungs. 
6
  The second problem with the off loading fluid 

theory is that whilst diuresis may commence within 15 minutes an associated reduction in 

lung water may be markedly delayed by a factor of some hours. 
1
 This point led to the 

postulation that any beneficial effect of frusemide must be due to its venodilating effects 

rather than its diuretic effects. Studies have shown no benefit in terms of the need for 

intubation or ICU admission for patients treated with frusemide 
3
, indeed there are 

theoretical concerns that it may be detrimental in the immediate term due to its known action 

of activation of the neurohumoral axis with elevations in noradrenaline, renin and 

aldosterone levels
1
 thus aggravating the cycle of increased peripheral vascular resistance.  
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