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Patient with COPD presents with peripheral edema /  

respiratory rales and pulmonary congestion on CXR 

Dilemma : 

Is this an exacerbation / acute decompensation of Chronic Is this an exacerbation / acute decompensation of Chronic 

Heart Failure or water retention due to Chronic Lung Disease

?





Pre-occupied with lung 
/ bronchi / alveoli (L)

Forget Pulmonary 
vasculature (R)



Why the Pulmonary vasculature leaks ?

Non-Cardiogenic

-increased 
permeability

-Exudative

Cardiogenic

-Increased 
hydrostatic pressure

- Transudative -Exudative
characteristics 

-Osmotic drive

- Transudative
characteristics 

- Oncotic drive



Are there mixed phenotypes ?



High altitude Pulmonary edema

A mixed phenotype pulmonary leakage

A culprit disease to study…

 Trans-arteriolar leakage due to increased pulmonary pressures  Trans-arteriolar leakage due to increased pulmonary pressures 

 Heterogeneous regional hypoxic vasoconstriction

 Trans-venular leakage due to hypoxia venoconstriction

 Impaired alveolar fluid clearance

 Increased permeability of alveolar capillary barrier



Heterogeneous regional in COPD

Higher flows – increased pressures : 

Increased hydrostatic pressures 

Leakage



Alveolar fluid clearance in COPD

Hypoxia decreases the trans-

epithelial Na+ transport  reducing 

activity of ENaC, N/K ATPase and 

other ion transporters through β2-

signaling 



Extracellular Volume Increase in COPD



Renal Sodium Retention in COPD

Hypoxia results in 

sodium retention in 

patients with COPD



Renal Hemodynamics / GFR in COPD 

Hypoxia + Hypercapnia reduces 
Renal Blood flow

GFR remain constantGFR remain constant

Filtration Fraction  is increased

 Increased Sodium Re-absorption



Tubular Function in COPD

Hypercapnia leads to respiratory 
acidosis

Activation of Carbonic Anhydrase
& Activation of Na+/H+ transporter in & Activation of Na+/H+ transporter in 
proximal tubules

Excretion of H+ / Re-absorption of 
HCO3-

Increased Sodium Re-absorption



Neurohormonal factors in COPD

Adrenergic system

Renin-Angiotensin-Aldosterone

ANP

Dopamine

Hypoxia + Hypercapnia

Renin-Angiotensin-Aldosterone

Endothelin

Prostoglandins

Vasopressin 

Dopamine

Vasoconstriction
Sodium Retention

Vasodilation
Sodium Excretion



Neurohormonal factors in COPD

Hypoxia  increased AVP

Inappropriately high compared to Inappropriately high compared to 
hyponatremia or hypoosmolality
levels

Other non-osmotic stimuli lead to 
AVP secretion



Theories for Venous Congestion in COPD
Renal Theory

Sodium retention mainly through hypercapnia respiratory acidosis  Na/H+ 
transport

Renal Vasoconstriction  Sodium Retention

Cardiac Theory

Hypoxia Pulmonary Vasoconstriction / Pulmonary Hypertension / Right Heart Hypoxia  Pulmonary Vasoconstriction / Pulmonary Hypertension / Right Heart 
Failure  Venous Congestion

Vascular Theory

Hypercapnia Peripheral Vasodilation↓ Systemic Vascular Resistance 
Baroreceptors Hormonal Activation

Pulmonary Theory

Hypoxia  Pulmonary Vasoconctriction Heterogeneous regional hypoxic 
vasoconstriction +  Impaired alveolar fluid clearance + Leakage



Cardiac Theory
Cor Pulmonale is rare in patients with COPD  

RV / PA uncoupling is RV / PA uncoupling is 

a more sensitive and 

early measure for 

Right Heart Failure



Lessons up to now
In patients with COPD there is a possibility for 

Water and Sodium retention in pulmonary circulation

Water and Sodium retention in systematic venous circulation

OR

In patients with COPD there is a possibility for 

Non-cardiogenic Venous Congestion

Non-Cardiogenic Pulmonary edema 



How I (cardiologist) think
In a patient with a COPD medical history or a clinical profile for COPD

+ Respiratory acidosis (hypoxia + hypercapnia) 

- Reduced LV Ejection fraction 

- Increased LA pressures with normal LV Ejection Fraction - Increased LA pressures with normal LV Ejection Fraction 

- Structural Heart Disease (CM or valvular disease)

+ Right Heart Failure or Increased Pulmonary Hypertension

+ RV – RA uncoupling (TAPSE / PASP < 0.31 mm/mmHg)

 Venous Congestion or Pulmonary Congestion is of 
PULMONARY ORIGIN



How you (Pulmonologist) should think



How you (Pulmonologist) should think



Does it matter ?
Diuretics use : 

- Reduction in intravascular volume  Viscious cycle of 
peripheral vasodilation  hormonal activation

- Hyponatremia increase secretion of renin and AVP- Hyponatremia increase secretion of renin and AVP

- Hypochloremic metabolic alkalosis due to volume contraction 
 reduce respiratory drive  hypoxemia more water and 
sodium retention

Diuretic Resistance / resilient edema / difficult to treat 
Hypoxia and  Hypercapnia



What to do in COPD edematous 
patients ?

+ acetazolamide / SGLT-2 inhibitors ? 


