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Definition
The American Thoracic Society defines dyspnea as a “sub-
jective experience of breathing discomfort that consists of 
qualitatively distinct sensations that vary in intensity. The 
experience derives from interactions among multiple phys-
iological, psychological, social, and environmental factors 
and may induce secondary physiological and behavioral 
responses.”1

Dyspnea is “synthetic sensation” such as thirst or hun-
ger and is a result of complex interaction of signals arising 
from the central nervous system (CNS) (brainstem and motor 
cortex) and from a variety of receptors, in the respiratory 
and cardiovascular systems. Various terms have been used 
to express dissociation of motor command and mechanical 
response as “Length-tension inappropriateness” or “Neuro-
mechanical dissociation” or “Efferent afferent dissociation.”

Mechanisms of Dyspnea
In General
Respiratory sensations, either normal breathing or dyspnea, 
is due to interactions between the efferent and afferent path-
ways and the integrative processing of this information in 
the brain. The efferent or outgoing pathway is the motor out-
put from the brain to the ventilatory muscles (feed-forward) 
and the afferent or incoming pathway is the sensory input 
from receptors from different parts of the body (feedback) 
 (►Fig. 1).

Dyspnea due to cardiovascular diseases is separately 
mentioned in the section of causes of dyspnea later. Accord-
ing to Campbell and Howell the sensation of dyspnea is due 
to dissociation between motor command and mechanical  
response of respiratory system.

Cardiogenic Pulmonary Edema
Increase in pulmonary venous pressure due to cardiac diseas-
es leads to increase in hydrostatic pressure leading to leakage 
fluid into the interstitium. This causes first interstial edema, 
and in more severe cases to frank pulmonary edema causing 

respiratory distress. Additional pleural effusion due to cardi-
ac failure further increases the respiratory distress.

Mechanisms of fluid accumulation and pulmonary edema 
leading to paroxysmal nocturnal dyspnea (PND) or ortho-
pnea: The extent to which fluid accumulates in the inter-
stitium of the lung depends on the balance of hydrostatic 
and oncotic forces within the pulmonary capillaries and in 
the surrounding tissue (►Fig. 2). Hydrostatic pressure favors 
movement of fluid from the capillary into the interstitium. 
The oncotic pressure, which is determined by the protein 
concentration in the blood, favors movement of fluid into the 
vessel. Levels of albumin, the primary protein in the plasma 
that determines oncotic pressure may be low in conditions 
such as cirrhosis and nephrotic syndrome. While hypoal-
buminemia favors movement of fluid into the tissue for any 
given hydrostatic pressure in the capillary, it is usually not 
sufficient by itself to cause interstitial edema. In a healthy 
individual, the tight junctions of the capillary endothelium 
are impermeable to proteins, and the lymphatics in the tissue 
carry away the small amounts of protein that may leak out; 
together, these factors result in an oncotic force that main-
tains fluid in the capillary. Disruption of the endothelial 
barrier–capillary permeability, however, allows protein to 
escape the capillary bed and enhances the movement of fluid 
into the tissue of the lung tissue.

Early signs of increased pulmonary capillary pressure 
include exertional dyspnea and orthopnea. Chest radio-
graphs show redistribution of blood in the upper lung zones, 
peribronchial thickening, and Kerley B lines. As the pulmo-
nary edema worsens, alveoli fill with fluid with the chest 
radiograph showing patchy alveolar filling, typically in a 
perihilar distribution, which then progresses to diffuse alve-
olar infiltrates. Increasing airway edema is associated with 
rhonchi and wheezes.

Occasionally, patients with pulmonary congestion 
caused by heart failure have insomnia before they develop 
nocturnal dyspnea.2 Pulmonary dysfunction is common in 
patients with heart failure and can also contribute to exer-
cise intolerance. The amount of intrathoracic space available 
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for ventilation can be decreased by alveolar and interstitial 
edema, pleural effusions, or by an increase in blood volume. 
Increased pulmonary vascular congestion decreases lung 
compliance and increases the work of breathing. Excessive 
ventilation, including an increased VE/VO2 slope during 
exercise, is a hallmark of heart failure and has important 
prognostic implications. An acute reduction in pulmonary 
capillary wedge pressure has no effect on the augmented 

ventilatory response, and the extent of excessive ventilation 
does not relate to either resting or exercise pulmonary cap-
illary wedge pressure.3

Noncardiogenic Pulmonary Edema
In noncardiogenic pulmonary edema, primarily there is  
increased capillary permeability with consequent leakage 
of proteins and other macromolecules into the interstitium 
causing the increase in oncotic pressures in the interstitium. 
So, intravascular fluid also enters into interstitium. Along 
with this there is a surfactant dysfunction causing increased 
surface force which leads to collapse of alveoli at low lung 
volumes. In addition, more severe hypoxia occurs in noncar-
diogenic pulmonary edema due to intrapulmonary shunt 
and decreased pulmonary compliance leading to lower func-
tional residual capacity.

In this condition patient can develop mild dyspnea to  
respiratory failure. Clinical signs of crackles on lung ausculta-
tion are present on extent of the diseases.

Possible Mechanisms of Dyspnea in Different Diseases
Heart failure: Increased work of breathing.
Hypoxia due to ventilation/perfusion (V/Q) mismatch.
Acidosis due to decreased output.
Pulmonary Embolism: Stimulation of pressure receptors in 
pulmonary artery (PA) vasculature and right atrium (RA). 
Chronic obstructive pulmonary disease (COPD): Increased 
sense of effort. Hypoxia. Hypercapnia. Dynamic airway 
compression.

Fig. 2  Factors influencing shift of fluid from the vessel to intersti-
tium and vice versa.

Fig. 1  Mechanism of dyspnea.
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Neuromuscular disorders: Increased sense of effort.
Mechanical ventilation: Afferent mismatch.

Types of Dyspnea
1.	 Dyspnea may occur with exertion.
2.	 Dyspnea on recumbency (orthopnea).
3.	 Dyspnea with standing (platypnea).
4.	 Paroxysmal Nocturnal Dyspnea of cardiac origin usually 

occurs 2 to 4 hours after the onset of sleep. Patient has to 
sit upright or stand to get relief from dyspnea. Even after 
assuming sitting posture, dyspnea takes several minutes 
to normalize. History of snoring and apnic episode from 
the patient’s partner is essential.4 Although orthopnea and 
PND are relatively specific for heart failure, they are not 
sensitive for a diagnosis of heart failure.5

5.	 Bendopnea/Kamptropnea— (kamptros—bend over)—bend  
forward while sitting for 30 seconds then dyspnea  
develops. This is a sign of advanced heart failure. Bending 
forward leading to elevation of filling pressures in RA/LA 
along with upward displacement and compression of the 
liver (akin to hepatojugular reflux), generally associated 
with decreased cardiac index (CI).

Assessing Dyspnea
The patient may describe the dyspnea in different ways 
such as air hunger or urge to breath, or inability to get deep 
breath, or unsatisfying breath, or heavy breathing, or rapid 
breathing, or increased effort of breathing. We can take the 
history of dyspnea whether it is present at rest, immediate-
ly following exercise, or on recall of a reproducible physi-
cal task, such as climbing the stairs at home. An alternative 
approach is to gain a sense of the patient’s disability by 

inquiring about what activities are possible. These methods 
indirectly assess dyspnea and may be affected by nonrespi-
ratory factors, such as leg arthritis or weakness. Therefore, 
to know the severity dyspnea, different scoring systems  
are there.

Dyspnea is a subjective symptom and is influenced by the 
intensity of muscular activity, resulting in increased oxygen 
uptake and increased CO2 output. Dyspnea intensifies as the 
inspiratory reserve decreases, for any given muscular activi-
ty. Dyspnea index is the ratio of exercise ventilation to maxi-
mal voluntary ventilation (MVex/MVv).

In the assessment of severity of dyspnea, ventilatory capac-
ity is measured before exercise and ventilation is measured 
during exercise, and these are related to intensity of dyspnea, 
using either modified Borg scale or visual analog scale (VAS). 
More commonly physicians and cardiologists in particular use 
the NYHA (New York Heart Association) class or specific activity 
scale of Goldman to assess the severity of dyspnea (►Table 1). 
Other scales are mentioned in ► Tables 2, 3 and ►Fig. 3.

Causes of Dyspnea
Dyspnea most often results from deviations from normal 
function in the cardiovascular, respiratory systems and 
neuromuscular disorders. These deviations produce breath-
lessness as a consequence of increased drive to breathe;  
increased effort or work of breathing; and/or stimulation of 
receptors in the heart, lungs, or vascular system.

Common to all these disorders is increased work of breath-
ing, consequent to airway disease, parenchymal lung disease, 
etc. and decreased compliance for cardiovascular disorders. 
(secondary to pulmonary venous congestion resulting in  
increased extravascular fluid in lung parenchyma).

Other mechanisms include abnormal gas exchange (lead-
ing to hypoxia), inadequate cardiac output at rest/on effort 

Table 1  Stages in NYHA and SAS6

Stage NYHA functional classification Specific activity scale

I Patients with cardiac disease but without resulting 
limitations of physical activity. Ordinary physical 
activity does not cause undue fatigue, palpitation, 
dyspnea, or anginal pain.

Patients can perform to completion any activity requiring 
> 7 METs (e.g., can carry 24 lb up eight steps; carry objects 
that weigh 80 lb; do outdoor work [shovel snow, spade soil]; 
do recreational activities [skiing, basketball, squash, hand-
ball, jog/walk 5 mph]).

II Patients with cardiac disease resulting in slight 
limitation of physical activity. They are comfortable 
at rest. Ordinary physical activity results in fatigue, 
palpitation, dyspnea, or angina pain.

Patients can perform to completion any activity requiring 
> 5 METs (e.g., have sexual intercourse without stopping, 
garden, rake, weed, roller skate, dance fox trot, walk at 4 
mph on level ground), but cannot and do not perform to 
completion activities requiring28 METs.

III Patients with cardiac disease resulting in marked 
limitation of physical activity. They are comfortable 
at rest. Less-than-ordinary physical activity causes 
fatigue, palpitation, dyspnea, or anginal pain.

Patients can perform to completion any activity requiring > 
2 METs (e.g., shower without stopping, strip and make bed, 
clean windows, walk 2.5 mph, bowl, play golf, dress without 
stopping), but cannot and do not perform to completion 
any activities requiring26 METs.

IV Patients with cardiac disease resulting in inability to 
carry on any physical activity without discomfort. 
Symptoms of cardiac insufficiency or of the anginal 
syndrome may be present even at rest. If any physi-
cal activity is undertaken, discomfort is increased.

Patients cannot or do not perform to completion activities 
requiring36 METs; cannot carry out activities listed above 
(SAS, class III).

Abbreviations: MET, metabolic equivalent; NYHA, New York Heart Association; SAS, Specific Activity Scale.
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resulting increase in lactate contributing to sensation of 
dyspnea.

Stimulation of mechanoreceptors, chemoreceptors in skel-
etal muscle, and pulmonary vasculature may cause sensation 
of dyspnea.

A.	 Respiratory causes: Most diseases of the respiratory sys-
tem are associated with alterations in the mechanical 
properties of the lungs and/or chest wall, and some stim-
ulate pulmonary receptors. Patients with acute bronchoc-
onstriction also report a sense of tightness, which can 
exist even when lung function is still within the normal 
range. These patients are commonly tachypneic.

B.	 Cardiac causes: Disorders of the cardiovascular system more 
commonly lead to dyspnea by causing gas-exchange abnor-
malities or stimulating pulmonary and/or vascular receptors.
Mechanism of dyspnea due to left heart disease (systolic 
and diastolic dysfunction):

1.	 This is due to elevation of the left-ventricular end-diastolic 
pressure as well as pulmonary capillary pressures. These 
elevated pressures lead to interstitial edema and stimu-
lation of pulmonary receptors, thereby causing dyspnea

2.	 Hypoxemia due to V/Q < 1 mismatch may also contrib-
ute to breathlessness.

C.	 Diseases of the pulmonary vasculature:

1.	 Pulmonary thromboembolic disease and primary dis-
eases of the pulmonary circulation (primary pulmo-
nary hypertension, pulmonary vacuities). Pulmonary 
embolism often causes dyspnea of sudden onset.4 Dys-
pnea in pulmonary thromboendarterectomy (PTE) is 
often out of proportion to any derangement in respira-
tory mechanics or gas exchange. The most likely possi-
bility is stimulation of pressure receptors in pulmonary 
vasculature/RA or C fibers in pulmonary vessels medi-
ating sensation of dyspnea.

2.	 In pulmonary arterial hypertension (PAH) the mech-
anism of dyspnea is due to increased pulmonary- 
artery pressure and stimulation of pulmonary receptors. 

Fig. 3  Visual analogue scale.

Table 2  Modified Borg scale for severity of dyspnea

A. Modified Borg scale—Burden et al

Grade Severity of dyspnea

0 Nothing at all

0.5 Very very slight (just noticeable)

1 Very slight

2 Slight

3 Moderate

4

5 Severe

6

7 Very severe

8

9 Very very severe (almost maximal)

10 Maximal

B. Modified Borg scale—Kendrick et al

Grade Severity of dyspnea

0 No breathlessness al all

0.5 Very very slight (just noticeable)

1 Very slight

2 Slight breathlessness

3 Moderate

4 Somewhat severe

5 Severe

6

7 Very severe breathlessness

8

9 Very very severe (almost maximal)

10 Maximal

Table 3  Baseline dyspnea index

Scale Severity

1 Breathless with strenuous exercise.

2 Short of breath when hurrying on the level  
surface or walking up a slight hill.

3 Walks slower than people of the same age on a 
level surface because of breathlessness  
(I have to stop or I have to stop for breath when 
walking at my own pace on the level surface.)

4 Stops for breath after walking for 100 m or a few 
minutes on a level surface.

5 Too breathless to leave the house or I am 
breathless dressing and undressing.
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Hyperventilation is common, and hypoxemia may be 
present. However, in most cases, use of supplemental 
oxygen has only a minimal impact on the severity of 
dyspnea and hyperventilation. Patients with advanced 
PAH can have increased left ventricular (LV) filling 
pressures that contribute to the symptoms of dyspnea 
and orthopnea, which can be relieved with diuretics. 
Dyspnea, the most frequent presenting complaint in 
patients with PAH, is the consequence of low cardiac 
output, resulting in poor delivery during physical activ-
ity as a result of markedly elevated postvoid residual 
urine volume (PVR).7,8

D.	 Anemia: Dyspnea with mild to moderate anemia is associat-
ed with breathing discomfort during exercise. This symptom 
is thought to be related to stimulation of mechanoreceptors; 
oxygen saturation is normal in patients with anemia.

E.	 Obesity: Breathlessness associated with obesity is prob-
ably due to multiple mechanisms, including high car-
diac output and impaired ventilatory pump function 
(decreased compliance of the chest wall). Cardiovascular 
deconditioning (poor fitness) is characterized by the early 
development of anaerobic metabolism and stimulation of 
chemoreceptors and metaboreceptors.

F.	 Dyspnea that is medically unexplained:

1.	 This has been associated with increased sensitivity 
to the unpleasantness of acute hypercapnia. When 
hypoxemia is present, dyspnea usually persists, albeit 
at a reduced intensity, with correction of hypoxemia by 
administration of supplemental oxygen.

2.	 Patients with tamponade may complain of true dys-
pnea, whose mechanism is uncertain because there 
is no pulmonary congestion. They almost always are 
more comfortable sitting forward.9

3.	 During normal pregnancy, women often experience 
fatigue, dyspnea, tachypnea, palpitations, presyncope, 
and decreased exercise tolerance.10

G.	 Rare causes of dyspnea

1.	 A better way to determine whether exercise is limited 
by ventilation is by measurement of tidal flow–vol-
ume loops during exercise, which may have the added 
advantage of detecting vocal cord dysfunction, an 
increasingly recognized cause of exertional dyspnea.11

2.	 Abernethy malformation because its initial presen-
tation is one of dyspnea and cyanosis rather than of 
frank liver disease. Malformation is due to congenital 
absence of the portal vein, which results in a diversion 
of portal blood away from the liver and directly into the 
vena cava.12

3.	 Vocal cord dysfunction is paradoxical adduction of 
vocal cords during inspiration, inducing glottic occlu-
sion resulting in clinical picture of obstructive airway 
disease.

H.	Dyspnea due to drugs:

1.	 Adenosine.
2.	 Ticagrelor—Dyspnea due to this drug may be adenosine 

mediated. Ticagrelor can produce ventricular pauses 
exceeding 5 seconds.13

3.	 β-Agonists.14

4.	 Amiadarone15 due to pulmonary toxicity.
I.	 Physiologic dyspnea: In a maximal exercise test to vol-

untary exhaustion, most healthy patients cease exercise 
because of leg discomfort or fatigue, though some will 
complain of dyspnea, as the reason(s) for being unable 
to continue. This presumably reflects leg muscle fatigue, 
where O2 demand exceeds O2 supply to (or utilization by) 
muscle mitochondria.16

Approach to the Patient
History
History of dyspnea includes the duration, severity, precipi-
tating or aggravating as well as relieving factors such as the 
effect of position, infections, and environmental stimuli.

Orthopnea is seen in:

1.	 Congestive heart failure (CHF).
2.	 Mechanical impairment of the diaphragm associated with 

obesity.
3.	 Asthma triggered by esophageal reflux.

Nocturnal dyspnea suggests:

1.	 CHF.
2.	 Asthma.

Severe and sudden-onset dyspnea indicates acute pulmo-
nary edema, typically precipitated by17:

1.	 Ischemia.
2.	 Arrhythmia.
3.	 Sudden left-sided valvular regurgitation.
4.	 Accelerated hypertension.

Acute, intermittent episodes of dyspnea:

1.	 Episodes of myocardial ischemia.
2.	 Bronchospasm.
3.	 Pulmonary embolism.

Chronic persistent dyspnea is seen in:

1.	 Chronic obstructive pulmonary disease (COPD).
2.	 Interstitial lung disease.
3.	 Chronic thromboembolic disease.

When the patient complains of platypnea, that is, dyspnea 
in the upright position with relief in the supine position:

1.	 Left atrial myxoma.
2.	 Hepatopulmonary syndrome.
3.	 Platypnea-orthodeoxia syndrome (dyspnea and arterial 

desaturation in the upright position, which improves on 
lying down) has also been attributed to the presence of a 
patent foramen ovale (PFO).18

Exertional dyspnea: Effort dyspnea and fatigue reflect an 
inadequate increment in cardiac output and an increase in LV 
end-diastolic pressure.19

1.	 Anginal equivalents mean symptoms of myocardial isch-
emia other than angina. Especially in elderly patients the 
myocardial ischemia may express as dyspnea, faintness, 
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fatigue, and eructations instead of typical angina.20 Even in 
hibernating myocardium condition the myocardial isch-
emia may manifest as dyspnea rather than angina. This is 
due to abnormal systolic or diastolic LV function or both in 
this hibernating myocardium.21

2.	 Many of left and right heart diseases: In an important sub-
set of patients with diastolic dysfunction, pulmonary cap-
illary wedge pressure is normal at rest but increases only 
with exertion, causing exertional dyspnea. However, in 
patients with diastolic dysfunction and exertional dyspnea, 
E velocity increases with exercise, but Ea velocity remains 
less or increases less with exercise. Therefore, the E/e' ratio 
increases with exercise compared with the resting stage in 
patients with diastolic dysfunction.22

3.	 Pulmonary parenchymal and vascular diseases: On exer-
cise, there is transient increase in pulmonary artery 
pressures.

4.	 Elderly patients with hypertension treated with vasodila-
tors, diuretics, or digoxin may develop dynamic obstruc-
tion and associated symptoms of dyspnea, chest pain, or 
hypotension exacerbated by treatment. This disorder has 
been called hypertensive hypertrophic cardiomyopathy 
(HCM), but it is clearly different from true HCM. Dynamic 
left ventricular outflow tract (LVOT) obstruction is also 
commonly noted in the postoperative period when intra-
vascular volume is depleted and inotropic agents are being 
administered. Patients with aortic stenosis (AS) or mitral 
valve prolapse are especially vulnerable to LVOT obstruc-
tion after aortic valve replacement or mitral valve repair, 
respectively. Acute LVOT obstruction can occur after acute 
anterior-apical MI, and some patients with apical balloon-
ing have dynamic LVOT obstruction caused by systolic 
anterior motion of mitral valve (SAM) and associated 
mitral regurgitation (MR). Discrete subaortic stenosis can 
mimic hypertrophic obstructive cardiomyopathy; how-
ever, a continuous-wave Doppler recording of subaortic 
stenosis does not demonstrate a dynamic late-peaking 
profile but resembles that of valvular AS. Dynamic LVOT 
obstruction may also be an initial presentation of cardiac 
amyloidosis.23

5.	 Many hyperthyroid patients experience exercise intoler-
ance and exertional dyspnea, caused in part by skeletal 
and respiratory muscle weakness.24

6.	 According to the Framinghom criteria for diagnosis of 
heart failure, PND or orthopnea is a major criterion and 
exertional dyspnea is a minor criterion.25

Physical Examination

1.	 If patient not able to complete a sentence without taking 
deep breaths, it means there is significant decreased vital 
capacity.

2.	 Evidence of increased work of breathing (supraclavicular 
retractions; use of accessory muscles of ventilation; and 
the tripod position, characterized by sitting with the hands 
braced on the knees) is indicative of increased airway resis-
tance or stiffness of the lungs and the chest wall.

3.	 Pulsus paradoxus—the presence of COPD, acute asthma, or 
pericardial disease.

4.	 In the ESCAPE (Evaluation Study of Congestive Heart 
Failure and Pulmonary Artery Catheterization Effective-
ness) trial, an estimated RA pressure > 12 mm Hg and 
two-pillow orthopnea were the only bedside parameters  
(including gastrointestinal distress, fatigue, dyspnea, 
rales, ascites, edema, and hepatomegaly) that provid-
ed incremental value in predicting a PA wedge pressure  
> 22 mm Hg and compared favorably with brain natriuretic 
peptide levels.26

General Examination
In dyspneic patient specifically we have to check for the 
presence of anemia (as the cause of dyspnea), cyanosis (may 
be due to severe respiratory failure of cyanotic congenital 
heart disease), and presence of spider naevi or gynecomastia  
(suggestive of cirrhosis).

Examination of the Chest

1.	 For respiratory cause: Symmetry of chest movement, 
percussion (dullness is indicative of pleural effusion; hy-
perresonance is a sign of emphysema), and auscultation 
(wheezes, rhonchi, prolonged expiratory phase, and di-
minished breath sounds are clues to disorders of the air-
ways; rales suggest interstitial edema or fibrosis).

2.	 For the cardiac cause: Examination should focus on pres-
ence and severity of cardiac valvular heart disease, bibasal 
rales, and infrequently pulsus alternans. Additionally, pres-
ence of palpable and audible “third heart sound” should 
alert to possibility of cardiac cause of dyspnea.

3.	 Signs of elevated right heart pressures (jugular venous 
distention, edema, accentuated pulmonic component to 
the second heart sound), left heart dysfunction (S3 and S4 
gallops), and valvular disease (murmurs).

Abdominal Examination
When examining the abdomen with the patient in the supine 
position, the physician should note whether there is inspira-
tory inward movement of the abdomen indicating diaphrag-
matic paralysis.

Dynamic auscultation might bring out latent heart disease 
just as positive hepatojugular reflux might confirm the pres-
ence of incipient heart disease.

Investigations

1.	 Chest imaging.
a.		 Prominent pulmonary vasculature in the upper zones 

indicates pulmonary venous hypertension.
b.	 Enlarged central pulmonary arteries suggest PAH.
c.		 An enlarged cardiac silhouette suggests dilated cardio-

myopathy or valvular disease.
d.	 Bilateral pleural effusions are typical of CHF and some 

forms of collagen-vascular disease.
e.		 Unilateral effusions raise the specter of carcinoma 

and pulmonary embolism but may also occur in heart 
failure.
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f.		 Chest ultrasound for “comets”—US equivalent of Kerley’ 
s lines—thickened interalveolar septae.

2.	 Laboratory studies.
a.		 Electrocardiography (ECG) to seek evidence of ven-

tricular hypertrophy and prior myocardial infarction. 
According to ACC/AHA (American College of Cardiolo-
gy/American Heart Association) guidelines for ECG in 
patients with known cardiovascular disease is class  
I indication to take ECG in follow-up when the patient 
has worsening dyspnea.27 It is unusual to have abso-
lutely normal ECG in patients having CHF.

b.	 Echocardiography is indicated when systolic dysfunc-
tion, pulmonary hypertension, or valvular heart dis-
ease is suspected.

c.		 Measurement of brain natriuretic peptide levels in 
serum.28 According to ACC/AHA recommendation for 
hospitalized patients, B-type natriuretic peptide (BNP) 
or N-terminal pro-BNP (NT-pro BNP) should be mea-
sured to evaluate dyspnea if the contribution of heart 
failure is not known is class I with level A evidence.29

Differentiation of Cardiogenic versus 
Noncardiogenic Pulmonary Edema
These differences are summarized in ►Table 4.

Differentiating Cardiovascular from Respiratory 
System Dyspnea
If a patient has evidence of both pulmonary and cardiac dis-
ease, a cardiopulmonary exercise test should be performed 
to determine which system is responsible for the exercise 
limitation.

1.	 If, at peak exercise, the patient achieves predicted maxi-
mal ventilation, demonstrates an increase in dead space 
or hypoxemia, or develops bronchospasm, the respiratory 
system is probably the cause of the problem.

2.	 If the heart rate is > 85% of the predicted maximum,  
anaerobic threshold occurs early, blood pressure becomes  
excessively high or decreases during exercise, if the O2 
pulse (O2 consumption/heart rate, an indicator of stroke 
volume) falls, or if there are ischemic changes on the ECG, 
an abnormality of the cardiovascular system is likely the 
explanation for the breathing discomfort.

Dyspnea in Specific Diseases

1.		Total anomalous pulmonary venous connection with 
obstruction: Dyspnea may be accentuated by straining 
and swallowing due to interference of pulmonary 
venous outflow by increased intra-abdominal pres-
sure or impingement of the esophagus on the com-
mon pulmonary vein as it exits through the esophageal 
hiatus.30

2.		In bacterial pericarditis: Patients have dyspnea, tachy-
pnea, and tachycardia out of proportion to the fever.31

3.		Mitral regurgitation: Although the exact mechanisms 
of dyspnea in MR are not entirely understood, dyspnea 
correlates best with elevated left atrial pressure.32

4.		Atrial septal defect (ASD): Dyspnea and fatigue are early 
symptoms of an ostium secundum ASD. The large left-
to-right shunt is responsible for a decrease in pulmonary 
compliance and an increase in the work of breathing. 
Orthopnea may be experienced because the supine po-
sition increases the work of breathing in patients with 
reduced lung compliance.33

5.	 Cyanotic congenital heart disease: Cardiorespiratory re-
sponses to isotonic exercise in cyanotic congenital heart 
disease significantly influence the dynamics of oxygen 
uptake and ventilation. Prolonged onset and recovery of 
oxygen uptake kinetics incur large oxygen deficits that 
result in hypoxemia even with low levels of exercise, 
which suggests that patients with right-to-left shunts 

Table 4   Distinguishing cardiogenic from noncardiogenic pulmonary edema

Cardiogenic pulmonary edema Non-cardiogenic pulmonary edema

History

Previous history of cardiac disease History suggestive of different causes for Non-cardiogenic 
pulmonary edema

Physical examination

Evidence of increased intracardiac pressures (S3 gallop, 
elevated jugular venous pulse, peripheral edema) and  
rales and/or wheezes on auscultation of the chest

The findings of the precipitating condition
Pulmonary findings may be relatively normal in the early stages

Chest radiograph

1.  Enlarged cardiac silhouette
2.  Vascular redistribution
3.  Interstitial thickening
4.  Perihilar alveolar infiltrates
5.  Pleural effusions are common

1.  Heart size is normal
2. � Alveolar infiltrates are distributed more uniformly through-

out the lungs
3.  Pleural effusions are uncommon

Effect of oxygen supplementation

The hypoxemia is due largely to V/Q to mismatch and 
responds to the administration of supplemental oxygen

The hypoxemia is due primarily to intrapulmonary shunting and 
typically persists despite high concentrations of inhaled oxygen

Abbreviation: V/Q, ventilation/perfusion.
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rely heavily on anaerobic metabolism. Hyperventilation, 
which is subjectively perceived as dyspnea, is present at 
rest and increases excessively during exercise because 
augmentation of the right-to-left shunt induced by ex-
ercise is accompanied by an increase in systemic arterial 
carbon dioxide and a decrease in pH that stimulate the 
respiratory center and carotid bodies.34

6.		Dyspnea in tetralogy of Fallot (TOF): Isotonic exercise is 
accompanied by a fall in systemic vascular resistance 
in the presence of fixed obstruction to right ventricu-
lar outflow, increasing venoarterial mixing, and sig-
nificantly influencing the dynamics of O2 uptake and 
ventilation. Exercise-induced hypoxemia and increased  
carbon dioxide content stimulate the respiratory center 
and the carotid body, provoking hyperventilation that is 
subjectively perceived as dyspnea.

Mechanism of relief of dyspnea by squatting in TOF patient—
The mechanisms by which squatting exerts its beneficial 
effects are as follows. Quiet standing after exercise-induced 
peripheral vasodilation predisposes to orthostatic hypoten-
sion and faintness, a tendency exaggerated in hypoxemic 
patients. Squatting counteracts orthostatic hypotension and 
diminishes or prevents postexertion orthostatic faintness. 
Squatting increases systemic vascular resistance, diverts 
right ventricular blood into the pulmonary circulation, and 
increases the amount of oxygenated blood entering the left 
side of the heart. The left ventricle delivers the larger volume 
of oxygenated blood into the systemic circulation, so system-
ic arterial PO2 and pH increase and PCO2 decreases, blunting 
the stimulus to the respiratory center and carotid body and 
relieving hyperventilatory dyspnea. The effect of squatting 
on systemic venous return is an even more effective means 
by which hyperventilatory dyspnea is relieved. Isotonic leg 
exercise reduces the oxygen saturation of venous effluent re-
turning to the heart from the lower extremities. Squatting 
mechanically curtails lower extremity venous return, de-
creases the volume of unsaturated venous blood delivered to 
the heart, and increases the oxygen saturation of right ven-
tricular blood. Right ventricular blood shunted into systemic 
circulation has higher oxygen content and pH and lower PCO2 
content. The higher PO2 and pH and the lower PCO2 reduce 
the stimulus to the respiratory center and carotid body and 
reduce the hyperventilatory dyspnea.35

7.	 Eisenmenger’s ductus: Isotonic exercise with an Eisen-
menger’s ductus causes leg fatigue without dyspnea 
because an exercise-induced increase in right-to-left 
shunt is channeled into the descending aorta distal to 
the respiratory center and the carotid body, precluding 
hypoxia-induced stimulation.36

8.	 Tricuspid atresia: Hypoxic spells precipitated by a re-
duction in size or spontaneous closure of a restrictive 
ventricular septal defect (VSD) are characterized by 
sudden deepening of cyanosis followed by paroxysmal 
dyspnea, lethargy, and syncope. Older children squat for 
relief of breathlessness.37

9.	 Pulmonary arteriovenous (AV) fistulas: Blood flow 
through pulmonary AV fistulae is affected by 

mechanical factors. Flow through lower lobe fistulae 
is augmented in the upright position because of in-
creased perfusion of dependent portions of the lungs. 
A decubitus position compresses the dependent lung 
and reduces blood flow through an ipsilateral fistu-
la. A case in point was a large pulmonary AV fistula in 
an infant in whom ipsilateral chest wall compression 
was therapeutic, immediately decreasing the cyanosis 
and relieving the dyspnea. Elevation of the diaphragm 
during pregnancy can compress a lower lobe fistula 
and abolish the accompanying murmur, which reap-
pears after delivery.38 Dyspnea and fatigue do not cor-
respond to the degree of cyanosis but are related to 
anemia caused by bleeding hemorrhagic telangiectasia.

10.	 �Dextro-transposition of the great arteries (DTGA): In 
transposition of the great arteries (TGA), pulmonary 
venous baffle obstruction causes elevated PA pressure, 
and patients can present with dyspnea and pulmonary 
venous congestive features.39

11.	 �Corrected TGA (CTGA): In CTGA, VSD patch, and LV to PA 
conduit repair, most patients are in functional class I at 5 to 
10 years after surgery despite the common development 
of systemic tricuspid regurgitation and systemic right 
ventricular dysfunction after surgical repair. Dyspnea, ex-
ercise intolerance, and palpitations from supraventricular 
arrhythmia often occur in the fourth decade.40

12.	 �Prosthetic valve: In prostatic valve implanted patients, 
thrombosis of the prosthetic valve should be suspected 
by the sudden appearance of dyspnea.

Precipitating Factors for Dyspnea
1.	 Exertion.
2.	 Posture.
3.	 Consumption of a heavy meal or small amounts of alcohol 

can also transiently increase subaortic gradient and 
produce dyspnea. Furthermore, a large proportion of HCM 
patients without outflow obstruction (or systolic anterior 
motion [SAM]) at rest may generate outflow gradients with 
physiologic exercise, sometimes associated with severe 
heart failure symptoms. Fully 70% of a hospital-based HCM 
cohort have the propensity to develop an outflow gradient 
≥ 30 mm Hg, either at rest or during exercise.41

4.	 Drug induced: Nonsteroidal anti-inflammatory drugs 
(NSAIDs)/glitazones causing fluid retention and worsen-
ing of pulmonary venous hypertension.

Treatment
The treatment is influenced by the etiology (respiratory/ 
cardiac/neuromuscular disease) and mechanisms of dyspnea.

1.	 Supplemental O2 should be administered if the resting O2 
saturation is ≤ 89% or if the patient’s saturation drops to 
these levels with activity.

2.	 Pulmonary edema—IV diuretics, vaso, and vasodilators. 
Check the complete treatment in textbooks.

3.	 Experimental interventions—for example cold air on the 
face, chest wall vibration, and inhaled furosemide—aimed 
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at modulating the afferent information from receptors 
throughout the respiratory system are being studied.

4.	 Morphine has been shown to reduce dyspnea out of pro-
portion to the change in ventilation in laboratory models.

Dyspnea as Indication to Start Therapy
In atrial fibrillation (AF), favorable candidates for electrical 
cardioversion of AF include patients who have symptoms 
of decreased cardiac output (e.g., fatigue, light-headedness, 
dyspnea) attributable to lack of atrial contraction’s contribu-
tion to ventricular filling.42

Dyspnea as a Marker for Prognosis
In a coronary artery disease (CAD) patient, there is increased 
risk after normal SPECT has also been reported in patients 
with dyspnea as the presenting symptom.43
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